ADA053002 


Supported  by 


a 


n.s.  abm;  medical  heskabch  and  detelofmemt  commamd 

W—hlngton,  D.C,  20314 
Contract  HuBbar/1)AD^7-72>C-216i 


t'/jT) 


,^y  jA  'i  ^ ./ 


( c 


/ Virginia  Coainonwaalth  University  0^  VT'  / 

Health  Selencea  Division  _/ 

uefamond,  Virginia  23298 

tfioos- 

.■{I  . D D C 

SiSEmOE 


'*i^roved  for  Public  Release;  Distribution  Unlialted 


J 


APR  19  1978 


REPORT  NUMBER  004 


JWUSIWJI 

, iTii 

>'  m Mti  urim  □ 

I HMHIMCa  □ 


NtTIflUU 

H 

IV 

iisniiiTM/miuiiun  nia  I 

list 

HUL  ut/m  vena  | 

1^' 

f 

AO 


INVESTIGATIONS  OF  ATTENUATED  STRAINS 
OF 

GROUP  A ARBOVIRUSES 


Final  Report 


P.H.  Coleman,  D.V.M.,  Ph.D. 
J.V.  Formica,  Ph.D. 

December  1975 


Supported  by 

U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Washington,  D.C.  20314 
Contract  Number  DADA17-72-C-2161 
Project  Number  3A762760A834 
Task  Number  3A762760A834  04 


Virginia  Commonwealth  University 
Health  Sciences  Division 
Richmond,  Virginia  23298 


"Approved  for  Public  Release;  Distribution  Unlimited" 


D D C 

APR  19  19(78 


lEISMira 

D 


UNCLASSIFIED 

security  classification  of  this  page  (Wlan  Data  Bntwtd) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  report  number  2.  GOVT  ACCESSION  NO. 

004'^ 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  fand  5ub(l(l*; 

INVESTIGATIONS  OF  ATTENUATED  STRAINS  OF 

GROUP  A ARBOVIRUSES 

S.  TYPE  OF  REPORT  A PERIOD  COVERED 

Final  Report 

July  1971  - Dec.  1975 

e.  PERFORMING  ORC.  REPORT  NUMBER 

7.  AUTHORfaj 

Philip  H.  Coleman 

8.  CONTRACT  OR  GRANT  NUMBER^*; 

DADA17-72-C-216f 

S.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Virginia  Commonwealth  University'/ 

Health  Sciences  Division 

Richmond,  VA  23298 

to.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  A WORK  UNIT  NUMBERS 

Project  No.  3A762760A834 
Task  Number  3A762760A834  04 
Work  Unit  No.  00.911 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Arruy  Medical  Research  and  Development  Command 
Washington,  DC  20314 

12.  REPORT  DATE 

December  1975 

13.  NUMBER  OF  PAGES 

62 

14.  MONITORING  AGENCY  NAME  A ADDRESSfl/ di//«renf  /rom  ControlUng  OUicm) 

IS.  SECURITY  CLASS,  (ol  tbim  report) 

Unclassified 

15«.  dYclASSIFICATION/ DOWN  GRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thim  Report) 

"Approved  for  Public  Release;  Distribution  Unlimited" 

17.  DISTRIBUTION  STATEMENT  (ot  Ilia  abrntract  entarad  In  Block  20,  It  dlUarant  trom  Raport) 

IS.  SUPPLEMENTARY  NOTES 

19.  KEY  WORDS  (Contlnu9  on  rovof  stdm  It  mnd  Idmntity  by  block  numbor) 

Eastern  equine  encephalitis  virus 

Western  equine  encephalitis  virus  1 

Group  A arboviruses  j i 

Viral  virulence  . 1 I'.tsc  /vi  <»  ^ 

Attenuated  viral  vaccines  y 

20.  ABSTRACT  fCortNmf»  on  roi^oroo  oldm  It  noc99»mey  mtd  Idonflly*  by  block  numbor)  .... 

Thesft'investigations  of  Group  A arboviruses^ere  designed  to  isolate  mutant 
strains  of  Eastern  Equine  Encephalitis  (EEE)  virus  which  could  serve  as  a 
potential  vaccine  candidate  strain  and  to  characterize  the  Clone-15  strain  of 
Western  Equine  Encephalitis  (WEE)  virus  to  determine  its  potential  as  a human 
vaccine  virus. 

r'  ■ \li 

■The  Cl  one -15  strain-^f  the  WEE  virus  was  utilized  Sto  prepare  chicken 

DD  , 


'jVTn  1473 


EOmON  OF  t NOV  SS  IS  OBSOLETE 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWhan  Dala  Znttmd) 


SECURITY  CLASSIFICATION  OF  THIS  PAOCpmaa  Data  Bntmnd) 


20  abstract  continued: 


embryo  cell  culture  vaccineasa  candidate  for  human  use.  About  150,000 
doses  of  final  vaccine  were  prepared  and  stored  in  bulk.  About  3,500  doses- were 
lyophilized  as  a final  package  vaccine.^Final  packaged  vaccine  was, free  of  de- 
tectable anaerobic ^d  aerobic  bacterTa,  mycotic,  mycoolasmal,  and  murine  and 
avian  viral  agents. ^he  vaccine  does  elicit  antibody  production  in  laboratory  ani- 
mals. The  final  V/EE  vaccine  contains  2 plaque  types  of  virus;  a large  plaque  whicl' 
resembles  the  parental  strain  and  a small  plaque  which  is  genetically  unstable 
and  gives  rise  to  the  large  plaques.  The  vaccine  appears  to  be  safe  in  labora- 
tory animals;  it  does  not  produce  clinical  evidence  of  disease  in  adult  guinea 
pigs,  hamster,  or  rhesus  monkeys  when  inoculated  both  parenterally  and  into 
the  nervous  system.  The  vaccine  does  produce  clinical  disease  in  newborn  mice 
and  in  young  hamsters  when  inoculated  into  the  nervous  system,  /Ir  -fk  h/s.iiP-1 

S-fu  / -TvS 

Studies  wer^tindertaken  to  develop  an  attenuated  vaccine  candidate  strain 
of  EEE  virus  using  both  BeAn  221  strain  and  the  Arth  167  strain^  Studies 
with  mutagenic  chemicals  and  serial  passages  at  various  - temperatures  did 
not  yield  an  isolate  of  virus  which  had  Iqst  its  neurotrophic  characteristics 
for  laboratory  animals. was  concluded  that  EEE  virus  iSAvery  stable  virus 
and  difficult  to  attenuate  by  the  methods  attempted.  ^ 0^. 


SUMMARY 


Investigations  were  undertaken  to  characterize  the  Clone-15  strain 
of  Western  equine  encephalitis  virus  and  to  determine  its  potential  use- 
fulness as  an  attenuated  virus.  The  clone-15  strain  was  found  to  be  a 
safe  and  efficiaous  virus  when  inoculated  into  laboratory  rodents  and 
primates.  The  virus  grew  well  in  cell  culture  systems  and  is  an  excellent 
candidate  for  a human  and  equine  live-virus  vaccine. 

Several  thousand  doses  of  Final  Clarified  Vaccine  were  produced  by 
growing  the  Clone-15  strain  in  chicken  embryo  cell  culture.  The  vaccine 
was  free  of  detectable  bacterial,  fungal,  mycoplasmal,  and  murine  and 
avian  agents.  The  vaccine  did  not  produce  disease  or  pathology  when 
inoculated  peripherally  or  directly  into  the  nervous  system  of  adult 
Rhesus  monkeys,  100  g hamster,  weanling  mice  or  adult  guinea  pigs.  The 
vaccine  did  produce  clinical  disease  and  pathology  in  newborn  mice  and 
young  (50  g)  hamsters. 

In  purity  testing  the  Final  Clarified  Vaccine  was  found  to  be  geneti- 
cally unstable.  The  vaccine  contained  two  virus  populations  as  evidenced 
by  the  production  of  large  and  small  plaques  in  cell  culture.  The  atypical, 
small -plaque  material  would  give  rise  to  large  plaques  when  passed  in  cell 
culture.  Although  the  Final  Clarified  Vaccine  appears  avirulent,  there  is 
a suggestion  that  the  small  plaque  isolate  may  be  more  virulent  (in  hamsters) 
than  the  parential  large  plaque  virus. 

In  other  studies,  attempts  were  made  to  isolate  an  avirulant  strain 
of  Eastern  equine  encephalitis  (EEE)  virus.  Two  strains  of  EEE  virus 
were  studied;  the  North  American  Arth  167  strain  and  the  South  American 
BeAn  221  strain.  Both  strains  produce  clinical  disease  and  death  when 
inoculated  intracerebral ly  into  laboratory  animals.  Studies  were  done 
using  N-methyl-N^-nitro-N-nitrosoquanidine  both  in  vitro  and  in  vivo 
to  produce  EEE  viral  mutants.  No  evidence  of  mutation  was  obtained  based 
on  viral  temperature  sensitivity  at  30,  35,  or  40  C or  loss  of  virulence 
for  animals.  The  EEE  virus  appears  to  be  very  genetically  stable  and  not 
subject  to  mutation  easily  by  the  methods  used. 
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FOREWORD 


In  conducting  the  research  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care"  as  promul- 
gated by  the  Committee  on  the  Guide  for  Laboratory  Animals,  Resources, 
National  Academy  of  Sciences-National  Research  Council. 

The  information  reported  here  has  been  approved  for  public  release; 
distribution  unlimited.  The  findings  in  this  report  are  not  to  be  construed 
as  an  official  Department  of  the  Army  position  unless  so  designated  by 
other  authorized  documents. 
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INVESTIGATIONS  OF  AHENUATED  STRAINS 

OF  Groupt  Arboviruses 


The  purpose  of  this  study  is  two-fold:  First,  to  characterize  the 
Clone  15  strain  of  attenuated  Western  equine  encephalitis  (WEE)  virus 
to  determine  its  suitability  as  a vaccine  for  man  and  animals;  and 
second,  to  isolate  a strain  of  Eastern  equine  encephalitis  (EEE)  virus 
which  has  lost  its  virulence  characteristics  for  animals  and  man  but 
retains  it  immunogenic  properties.  EEE  and  WEE  vaccines  are  necessary 
in  order  to  immunize  researchers  and  diagnosticians  working  with  these 
viruses,  veterinarians  and  others  working  with  infected  animals  and 
special  groups  such  as  military  personnel  who  might  be  exposed  to  natural 
infections  because  of  their  assignments  in  areas  of  endemic  or  epidemic 
viral  activity. 

Theoretically,  attenuated  EEE  and  WEE  viral  vaccines  should  be 
superior  to  killed  vaccines  for  several  reasons.  Such  vaccines  could 
provide  protection  within  a few  days  after  vaccination  in  contrast  to 
the  available  killed  vaccines  which  require  several  weeks  or  months  before 
solid  protection  can  be  evoked.  Attenuated  vaccines  should  induce  longer 
lasting  immunity  than  inactivated  vaccines  without  the  necessity  of  fre- 
quent boosters.  Furthermore,  the  development  of  living  attenuated  EEE  and 
WEE  vaccines  could  lead  to  the  development  of  a "Group  A"  arbovirus  vac- 
cine. That  is,  the  use  of  an  immunizing  regimen  including  multiple 
viruses  (e.g.  EEE,  WEE,  and  VEE)  could  induce  immunity  to  a wide  spectrum 
of  Group  A arboviruses  including  o'nyongnyong  and  chikungunya,  which  are 
known  to  produce  massive  epidemics  of  disease  in  man.  For  these  reasons, 
it  is  desirable  to  develop  attenuated  vaccines  for  EEE  and  WEE  viruses. 

STUDIES  WITH  THE  CLONE  15  STRAIN  OF  WEE  VIRUS  B628 
Introduction 

The  Clone-15  strain  of  WEE  virus B628  was  selected  as  a potential 
vaccine  candidate  virus.  This  strain  was  originally  isolated  from  tissues 
of  a nestling  house  sparrow.  Passer  domesticus,  collected  in  Kern  County, 
California  in  1957  (1).  The  virus  was  passed  four  times  in  hamster  kidney 
(Hk)  cell  culture  and  alternately  grown  in  agar  overlay  and  fluid  chicken 
embryo  cell  culture  (CECC)  for  a total  of  30  passages  (2). 

During  the  1960's  Dunayevich  et  al^.  (3)  reported  on  the  selection  of 
a clone  (Clone  5;  10th  CECC  passag^  of  the  B628  strain  which  was  not  patho- 
genic for  young  adult  mice.  Johnson  (2)  extended  Dunayevich 's  work  and 
selected  a second  clone  (Clone-15;  30th  CECC  passage)  from  the 3528 strain 
which  was  shown  to  be  suitable  as  a living  attenuated  WEE  vaccine  in  horses. 

Dr.  Johnson  (4)  grew  the  selected  plaque  virus  (clone)  in  one  additional 
fluid  culture  of  CECC  and  used  this  material  as  his  vaccine  candidate  virus. 
The  vaccine  candidate  virus  was  subsequently  passed  in  embryonated  chicken 
eggs  or  cell  cultures  in  the  California  Public  Health  Viral  and  Rickettsial 
Disease  Laboratories  and  the  resulting  vaccine  was  shown  to  be  efficacious 
in  vaccinating  horses  (5).  Additionally,  material  was  submitted  to  Dr.  Roca 
Garcia,  Lederle  Laboratories,  Pearl  River,  New  York,  where  a chicken  embryo 
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vaccine  was  prepared  and  also  tested  in  horses  (6,  7).  The  Lederle 
chicken  embryo  virus  was  also  tested  for  neurovirulence  in  monkeys,  guinea 
pigs,  and  adult  mice.  No  evidence  of  neurovirulence  was  detected 
(Appendices  1 and  2). 

Because  the  Clone-15  strain  of  WEE  virus  B628  has  been  reported  to  have 
lost  its  neurovirulence  for  monkeys,  guinea  pigs,  weanling  mice,  and  hamsters; 
and  because  it  does  elicit  protective  antibody  response,  it  was  selected  as 
the  most  likely  candidate  for  a human  vaccine  for  WEE  virus. 

Materials  and  Methods 


Vi  ruses : 

The  Clone-15  strain  of  WEE  virus  B628  (hereinafter  referred  to  as  WEE 
Clone-15  or  WEE  Cl-15)  was  used  as  a vaccine  candidate  virus  in  the  present 
study.  The  Master  Seed  virus  was  obtained  as  a lyophilized  preparation  produced 
by  Lederle  Laboratories.  For  information  concerning  the  production  and  testing 
of  the  Lederle  Clone-15,  WEE  vaccine  used  as  the  Master  Seed  (Appendices  1 and  2), 
a flow-chart  depicting  the  passage  history  of  the  virus  is  shown  in  Table  1. 

For  the  current  studies,  about  1000  ml  (200  vials)  of  the  Master  Seed 
was  kindly  supplied  in  February  of  1973  by  Drs  H.  Johnson  and  E.  Lennette, 
California  State  Health  Department,  Berkley,  California.  About  half  (100  vials) 
of  this  material  was  stored  at  the  U.S.  Army  Medical  Unit,  Frederick,  Maryland. 

An  ampule  of  this  vaccine  was  used  as  a Master  Seed  for  the  production  of  the 
final  vaccines.  The  remaining  half  of  the  Master  Seed  was  kept  in  our  laboratories 
for  testing  and  gathering  information  on  the  purity,  potency,  and  safety  of  the 
vaccine. 


The  identifications  of  the  various  WEE  Clone-15  viral  passages  used  in 
vaccine  production  testing  are  given  below: 

Master  Seed  A lyophilized  product  obtained  from  Lederle 

(passage  virus  history  is  Hk4CECC3iCE2CECC2). 

Working  Seed  One  chicken  embryo  cell  culture  passage 

of  the  Master  Seed. 


Final  Unclarified  Vaccine  - 


Final  Clarified  Vaccine  - 


Packaged  Vaccine 


WEE  PI -148 


One  chicken  embryo  cell  culture  passage  of 
Working  Seed  taken  before  centrifugation  and 
Millipore  filtration. 

Same  as  Final  Unclarified  Vaccine  except 
that  the  virus  was  centrifuged  at  10,400  g for 
30  min  and  the  supernatant  filtered  through 
a 0.45  micron  Millipore  filter. 

Final  Clarified  Vaccine  that  was  diluted 
1;1000  and  then  lyophilized. 

A large,  plaque  strain  of  virus  selected  from 
serum  neutralization  breakthrough  test  of  the 
Final  Unclarified  Vaccine. 
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WEE  Pl-149  A small,  plaque  strain  of  virus  selected  from 

a serum  neutralization  breakthrough  test  of  the 
Final  Unclarified  Vaccine. 

In  challenge  studies  the  Fleming  strain  of  WEE  virus,  a highly  virulent 
strain,  was  obtained  as  a lyophilized  suckling  mouse  brain  suspension  from 
the  Reference  Reagents  Unit,  NIAID,  NIH,  Bethesda,  Maryland.  About  200 
ml  of  the  Fleming  strain  was  grown  in  CECC  and  put  in  ampules  in  3 and  10  ml 
quantities  and  stored  at  -70  C for  use  as  a challenge  virus  in  the  present 
studies. 

Animals: 

All  animals  were  obtained  from  commerical  sources.  Weanling  (15-20  g) 
and  pregnant  mice  were  obtained  from  Flow  Laboratories,  Dublin,  Virginia. 
Pregnant  mice  were  allowed  to  litter  in  our  facilities.  Syrian  hamsters 
(50-100  g)  were  obtained  from  Engle  Laboratory  Animals,  Inc.,  Farmersburg, 
Indiana.  Fertile,  specific  pathogen  free  chicken  eggs  were  obtained  from 
SPAFAS,  Inc.,  Norwich,  Connecticut,  and  incubated  in  our  laboratory.  Male 
Rhesus  monkeys,  2 to  4 kg,  were  obtained  from  Primate  Imports,  Inc.,  Port 
Washington,  New  York.  Adult  p-iinea  pigs  (300-350  g)  were  obtained  from 
J.  C.  Corell,  Inc.,  Waynesboro,  Virginia. 

Cell  Cultures: 

Primary  chicken  embryo  cell  cultures  (CECC)  were  prepared  from 
decapitated  9-  to  10-day-old  chicken  embryos.  Embryos  were  minced  with 
scissors,  and  trypsinized  from  1-2  hours  in  0.25%  trypsin  in  isotonic  glucose- 
KCl-NaCl  solution.  Trypsinized  cells  were  filtered  through  eight  layers  of 
gauze  and  one  to  two  layers  of  lens  paper,  and  plated  at  a 1:200  dilution  in 
disposable  plastic  culture  bottles  or  plates.  Growth  medium  consisted  of 
Hanks'  199  containing  5%  fetal  calf  serum,  phenol  red,  and  sodium  bicarbonate 
with  antibiotics. 

For  virus  production,  monolayers  of  CECC  were  refed  Hanks'  199  containing 
0.5%  bovine  albumin  fraction  V (Miles  Laboratories)  with  antibiotics. 

For  titration  studies,  the  agar-overlay  plaque  system  was  used. 

Infected  monolayers  were  overlayed  with  Earle's  balanced  salt  solution 
(EBSS)  containing  2%  newborn  calf  serum,  1%  Noble  agar,  1.65  mg/ml  of  lactal- 
bumin  hydrolysate  and  sodium  bicarbonate  with  antibiotics.  After  48  hours 
of  incubation  at  35-37  C,  a second  overlay  containing  5 ug  neutral  red  per 
ml  was  added.  Monolayers  were  examined  for  plaques  at  4 hours,  and  at  24 
to  48  hours.  All  plaque  titrations  were  done  in  duplicate  and  the  viral 
titer  expressed  as  plaque  forming  units  (PFU)  per  ml.  For  harvest,  plaques 
were  "picked"  utilizing  a sterile  Pasteur  pipette.  The  harvested  material 
was  suspended  in  one  ml  of  phosphate  buffered  saline,  pH  7.2  - 7.6.  containing 
4.0%  bovalbumin  fraction  V.  In  some  cases,  cells  were  monolayered  in  plastic 
plates  (Linbro)  and  grown  at  35  C under  atmospheric  conditions  using  Hanks' 

199  containing  5%  FCS,  20  yM  Hepes  buffer  (Gibco)  and  antibiotics.  These 
were  overlayed  as  above,  but  with  the  addition  of  20  yM  Hepes/ml  of  overlay. 

Plaque  sizes  were  determined  by  measurement  with  a millimeter  ruler  at 
24  hours  or  48  hours.  No  appreciable  increase  in  diameter  was  noted  for 
those  plaques  monitored  for  up  to  five  days. 
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Sera: 


Two  different  sera  were  used  in  neutralization  tests.  One  serum 
was  obtained  from  the  Reference  Reagents  Branch,  NIAID  as  hyperimmune 
mouse  ascetic  fluid  for  WEE  Fleming  virus.  This  serum  is  considered  to 
be  free  of  antibodies  to  a broad  spectrum  of  viruses.  The  second  serum 
was  obtained  from  the  Communicable  Disease  Center,  Atlanta,  Georgia. 

This  material  was  equine  serum. 

Other  materials  and  methods: 

Specific  materials  and  methods  used  in  purity,  potency,  and  safety 
testing  are  listed  under  the  appropriate  section  of  results. 

Resul ts 

Preliminary  Studies: 

Prior  to  the  preparation  of  a final  WEE  Cl-15  vaccine,  studies  were 
undertaken  with  the  original  WEE,  non-cloned  virus  (HK5)  and  the  Lederle 
prepared  Master  Seed  virus  (HK4CECC31CE2CECC2) . 

The  HK5  passage  virus  only  titered  lO^-S  plaque  forming  units  (PFU) 
per  ml  when  received.  This  material  was  passed  two  times  in  fluid  CECC 
cells  (24  hour  harvest)  in  our  laboratory  and  tested  for  titer  and  virulence. 
The  results  are  shown  in  Table  2.  The  original  B628  strain  of  WEE  after  two 
CECC  passages  titered  8.8  X 10^  PFU  per  irl  in  agar  overlay  cultures  of  CECC. 
This  virus  also  killed  weanling  mice  and  adult  hamsters  inoculated  intra- 
cerebrally  whereas  the  Master  Seed  and  Final  Vaccine  failed  to  kill  weanling 
mice  or  hamsters.  From  these  results,  it  is  clear  that  the  WEE  Cl-15  virus, 
which  was  derived  from  the  B628  original,  is  significantly  different  from 
the  original  in  terms  of  animal  virulence.  These  results  provide  "markers" 
for  determining  that  the  virus  has  been  attenuated  as  well  as  for  studying 
reversion  of  the  WEE  Cl-15  virus  to  the  original  (wild)  type. 

In  preliminary  studies  with  the  Master  Seed  virus  (Lederle's  vaccine), 
the  virus  was  titrated  in  mice  and  tested  for  virulence  in  hamsters  and 
guinea  pigs.  Three  bottles  of  the  Master  Seed  virus  were  reconstituted  and 
individually  tested.  Suckling  (1-3  day)  mice,  weanling  (3-4  week)  mice, 
golden  hamsters  (ca  100  g)  and  guinea  pigs  (ca  350  g)  were  inoculated  either 
intracerebral ly  (ic)  or  intraperitoneally  (ip)  with  the  reconstituted  vac- 
cine. The  results  are  shown  in  Table  3.  Undiluted  virus  failed  to  kill 
weanling  mice,  hamsters,  or  guinea  pigs  when  inoculated  by  either  route. 
Conversely,  the  virus  did  produce  clinical  illness  and  death  in  suckling 
mice  (SM)  by  either  route  of  inoculation.  In  suckling  mice,  the  virus 
titered  from  lO^-®  to  10°*1  fifty  per  cent  lethal  doses  (SMLD50)  per  ml; 
the  animal  death  endpoints  were  well  defined. 

In  other  animal  studies,  the  viremia  level  of  the  WEE  Master  Seed 
virus  was  determined  in  hamsters  and  guinea  pigs  inoculated  either  ic  or  ip 
with  0.1  ml  (ca  10^  SMLD50)  of  virus.  Following  inoculation,  whole  blood 
was  collected  daily  for  seven  days  via  cardiac  puncture  of  ether  anesthe- 
sized  animals.  The  blood  was  allowed  to  clot  at  room  temperature  and  the 
serum  separated  by  centrifugation  and  stored  at  -70  C.  For  plaque  assays, 
0.05  ml  of  undiluted  serum  (in  some  cases,  serum  was  diluted  1:2)  was 
inoculated  onto  monolayers  of  CECC.  The  results  are  shown  in  Table  4. 
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Viremia  could  be  detected  in  4 of  9 guinea  pigs  inoculated  ip;  3 of 
6 guinea  pigs  inoculated  ic;  11  of  12  hamsters  inoculated  ip;  and  8 of  8 
hamsters  inoculated  ic.  The  detectable  viremias  were  very  low  --  less 
than  two  logs  of  virus  in  0.05  ml  of  serum.  Furthermore,  many  animals 
exhibited  a viremia  only  on  the  day  following  inoculation  and,  thus,  in 
these  animals  the  viremia  could  be  due  to  the  persistence  of  the  inoculum 
rather  than  to  viral  replication.  However,  in  some  cases  (e.g.  hamsters 
121,  122,  and  124),  the  viremia  was  not  detected  until  the  third  or  fourth 
day  post-inoculation  indicating  an  "infection"  had  occurred.  In  addition 
to  these  viremia  studies,  these  animals  were  examined  daily  for  signs  of 
clinical  illness  and  daily  temperatures  were  recorded  for  each  animal. 

There  was  no  evidence  of  clinical  disease  in  the  animals  nor  was  there  any 
detectable  febrile  response  following  vaccination. 

Six  weeks  after  inoculation  with  the  WEE  Master  Seed  virus,  the 
guinea  pigs  and  hamsters  were  challenged  with  virulent  WEE  virus.  The 
Fleming  strain  of  WEE  virus  was  used  and  animals  were  challenged  with  ca  10^ 
weanling  mouse  fifty  per  cent  lethal  doses  (WMLD5Q)  of  virus  administered 
ic.  The  results  of  these  studies  indicated  that  protection  was  excellent 
for  at  least  six  weeks  against  the  challenge  dose  of  virus  used  (Table  5). 

In  a similar  protection  study,  a mouse  protection  extinction  test  was 
performed  by  vaccinating  weanling  mice  with  ten-fold  increments  of  the  WEE 
Master  Seed  administered  either  ic  or  ip.  Six  weeks  later,  the  mice  were 
challenged  with  lO^  WMLD50  of  the  WEE  Fleming  virus  administered  ic.  The 
mice  were  protected  with  as  little  as  100  SMLDkq  of  vaccine  virus  administered 
ic  or  1000  SMLD50  0^  virus  administered  ip  (Table  5). 

In  a series  of  cell  culture  experiments,  various  methodologies  were 
examined  to  gather  preliminary  data  regarding  the  optimal  procedure  to  use 
in  producing  a large  batch  of  WEE  vaccine  seed  virus  and  vaccine.  Basically, 
CECC  were  planted  at  with  either  5 X 105  or  3 X 10^  cells  per  ml.  Four 
different  growth  media  were  used:  Eagle's  MEM,  BME,  199,  or  Hanks'  BSS 
containing  0.1%  yeastolate.  For  growth  of  the  cells,  5%  fetal  calf  serum 
was  added  to  each  medium.  For  maintenance  of  virus  infected  cultures,  2% 
bovine  albumin  was  substituted  for  fetal  calf  serum.  Cells  were  grown  for 
24  to  48  hours  (until  monolayered),  washed  three  times,  and  inoculated  with 
ca  10^  PFU  of  the  WEE  Master  Seed  virus.  Virus  was  absorbed  for  two  hours 
at  36  C before  the  maintenance  medium  was  added.  Cultures  were  then  grown 
at  36  C and  at  12-hour  intervals,  two  cultures  were  frozen  and  thawed,  and 
pooled.  The  virus  content  of  the  cultures  was  then  determined  by  plaque 
titration  in  CECC.  In  general,  few  differences  were  detected  among  the 
methods  explored.  The  viral  titers  ranged  from  106*4  ppu  per  ml  to  107.6 
PFU  per  ml.  The  highest  titers  were  obtained  in  the  Hanks'  BSS  and  Eagle's 
MEM  media.  The  maximum  virus  titer  was  achieved  in  24  to  48  hours.  Unex- 
pected difficulty  was  encountered  in  those  cultures  planted  with  3 X 10° 
cells  per  ml  in  that  the  cells  did  not  adhere  to  the  vessel  surface  in  many 
instances. 

Production  of  Vaccine: 

During  October  and  November  of  1973  period,  the  principal  investigator 
spent  two  weeks  in  the  Vaccine  Production  Facilities,  U.S.  Army  Medical 
Research  Institute  of  Infectious  Diseases,  working  with  Dr.  F.  E.  Cole,  Jr., 


5 


and  his  staff.  During  this  period,  we  produced  a "Working  Seed  Virus" 
and  a "Final  Vaccine  Virus"  with  the  WEE  Cl-15  virus.  Based  on 

an  estimated  dose  of  10°  infectious  units,  about  1.5  million  doses  of 
Final  Vaccine  Virus  were  produced. 

The  Lederle  prepared  lyophilized  virus  was  used  as  the  Master  Seed 
Virus  for  the  preparation  of  the  Working  Seed  Virus.  Both  the  Working 
Seed  Virus  and  the  Final  Vaccine  Virus  were  grown  in  primary  chicken  embryo 
cells  prepared  from  fertile  eggs  obtained  from  COFAL  negative  flocks, 

SPAFAS  Inc.,  Norwich,  Connecticut.  Nine  day  decapitated  embryos  were 
minced  and  trypsinized  for  the  preparation  of  roller  bottle  (stationary 
bottles  for  controls)  cultures  containing  ca.  3 X 10^  cells  per  ml.  All 
media  were  antibiotic  free.  Cells  were  grown  overnight  at  35  C in  Hanks' 

199  medium  containing  10%  fetal  calf  serum.  On  the  following  day,  the 
medium  was  decanted,  the  cell  monolayer  fed  with  Earle's  199  containing 
0.5%  human  serum  albumin  (HSA)  and  the  cultures  incubated  at35  C for  24  hours. 

After  the  24  hour  incubation  period,  the  medium  was  decanted  and  the 
roller  bottles  inoculated  with  about  10^  chicken  embryo  cell  culture  (CECC) 
PFUs  per  bottle  and  incubated  one  hour  at  35  C.  The  inoculum  was  then 
decanted  and  the  infected  monolayers  washed  three  times  with  100  ml  of 
serum  free  Hanks'  balanced  salt  solution.  Finally,  bottles  were  fed  with 
Earle^  199  containing  0.5%  HSA  and  incubated  at  35  C for  24  hours. 


Control  bottles  of  cells  consisted  of  stationary  CECC  monolayers  and 
were  treated  as  above  except  that  they  were  not  inoculated  with  virus. 

After  24  hours  of  incubation,  the  Working  Seed  Virus  and  the  Final  Vaccine 
Virus  were  harvested  by  decantation.  Samples  of  bath  were  stored  at  -70  C 
without  further  clarification.  The  bulk  of  these  preparations  were  par- 
tially clarified.  Approximately  300  ml  of  Working  Seed  Virus  was  centri- 
fuged at  1000  X g for  30  minutes  followed  by  a second  centrifugation  at 
10,400  X g for  30  minutes.  Finally,  the  supernatant  was  pooled  and  fil- 
tered through  a 0.45  micron  Millipore  filter.  About  1050  ml  of  the  Final 
Clarified  Vaccine  was  prepared,  150  ml  in  samples  for  testing  and  800  ml 
in  bulk  as  the  Final  Vaccine  Virus. 

Packaging  of  the  Final  Clarified  Vaccine: 

In  February  of  1975  a lot  of  the  Final  Clarified  Vaccine  was  packaged 
and  lyophilized  in  the  facilities  of  USAMRIID. 

For  the  Packaged  Vaccine  it  was  decided  that  a "dose"  of  vaccine 
should  contain  between  10^  - loB  chicken  embryo  cell  culture  PFU.  In  order 
to  use  an  inoculation  volume  of  0.5  ml  per  dose,  the  Final  Clarified  Vaccine 
had  to  be  diluted  one  thousand  fold  to  obtain  lO^  - 10®  PFU  per  0.5  ml  ^f 
Packaged  Vaccine. 

Three-1  ml  vials  of  the  Final  Clarified  Vaccine  were  thawed.  One 
milliliter  of  the  vaccine  was  then  =»dded  to  each  of  two-lOO  ml  vials  of 
Earle's  199  medium  containing  a final  concentration  of  0.5%  HSA.  After 
mixing,  the  two-lOO  ml  vials  were  pooled  and  sufficient  Earle's  199  with 
0.5%  HSA  added  to  give  a total  volume  of  tt/o  liters. 


The  vaccine  was  then  dispensed  into  sterile  25  ml  vaccine  vials,  5.4  ml 
per  vial,  using  a sterile  Cornwall  syringe.  Rubber  stoppers  were  placed 
on  each  vial  and  the  vials  placed  in  a pre-chilled  lyophilizer  for  freezing. 
Sixteen  hours  later  a vacuum  was  applied  to  the  lyophilization  chamber  and 
the  material  was  dried  for  72  h.  Stoppers  were  mechanically  seated  on  the 
vials  in  the  lyophilizer.  Metal  seals  were  crimped  onto  each  vial  after 
their  removal  from  the  lyophilizer.  Individual  vials  were  tested  for 
vacuum,  labeled,  packaged  (25  per  box),  and  stored  at  -20  C.  Three  hundred 
and  forty-six  vials  were  prepared.  Twenty-one  vials  were  transported  to 
the  Medical  College  of  Virginia  for  sterility  and  potency  testing.  The 
remainder  were  stored  at  the  USAMRIID.  The  CECC,  PFU  titer  of  the  Packaged 
Vaccine  is  about  105.3  per  dose  (0.5  ml).  The  Packaged  Vaccine  is  labeled 
as  follows: 


WESTERN  EQUINE  ENCEPHALITIS  VACCINE 

LIVE.  ATTENUATED  LOT  1 Lyophil  Run  1 

Chick  Cell  Origin  Mfg.  Date  FEB  75 

Store  at  -20°C  Add  5.4  ml  water  for  inj.  USP 

CAUTION:  New  drug-Limited  by 

Federal  Law  to  Investigational  Use 

Testing  of  Vaccine: 

Studies  were  conducted  to  determine  the  neurovirulence,  purity, 
potency  and  safety  of  the  WEE  virus  vaccine.  The  procedures  used 
were  basically  those  outlined  in  the  Food  and  Drug  Administration's  regu- 
lations for  the  manufacture  of  Rubella  vaccine. 

Prior  to  doing  extensive  purity,  potency,  and  safety  testing  of  the 
WEE  virus  Final  Clarified  Vaccine,  several  preliminary  tests  were  conducted. 
The  results  of  these  tests  are  summarized  in  Tables  6 and  7.  The  results 
indicate  that  there  was  no  gross  bacterial  contamination  in  the  vaccine  and 
that  there  was  no  evidence  of  a change  in  virulence  or  potency  of  the  vac- 
cine. As  shown  in  Table  7,  three  of  four  monkeys  inoculated  intracerebral ly 
with  the  virus  did  develop  a febrile  response.  Furthermore,  monkeys  Nos. 

3 and  4 developed  a detectable,  although  low,  level  viremia  and  all  four 
monkeys  developed  neutralizing  antibody. 

Potency  Tests:  The  WEE  Cl-15  Final  Clarified  Vaccine  had  a titer  of  ca  10^ 
PFU/ml  (Utrations  of  3 frozen  vials  = 10®*',  10®‘\  lO^*^)  in  chicken  embryo 
cells,  10°-5  LDso/ml  inoculated  intracerebral ly  in  suckling  mice,  and  106*8 
LDso/ml  inoculated  intraperitoneal ly  in  suckling  mice. 

NeuTOvirulence  Tests  in  Rhesus  Monkeys:  For  neurovirulence  testing,  the 
undiluted  Final  Clarified  Vaccine  preparation  was  used.  Monkeys  were 
weighed,  prebled,  and  then  inoculated  under  barbiturate  anesthesia. 

Because  of  a lack  of  infected  monkey  holding  space,  only  8 monkeys 
were  used  at  one  time.  In  all,  twenty  monkeys  were  inoculated  with  virus, 
and  three  served  as  uninoculated  controls. 

Each  monkey  received  0.5  ml  of  test  sample  inoculated  (via  trephination) 
into  each  thalmic  region  of  each  cerebral  hemisphere,  0.5  ml  inoculated 
intraspinal ly  into  the  lumbar  spinal  cord  enlargement,  and  1.0  ml  inoculated 
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intramuscularly  into  the  gluteal  muscle  of  the  right  leg.  The  monkeys 
were  not  administered  cortisone  acetate,  but  did  receive  300,000  units 
of  procaine  penicillin  in  the  right  arm  muscle.  Monkeys  were  observed 
for  21  days,  bled,  and  then  euthanized  with  sodium  barbital  before  autopsy. 
Organs  were  examined  grossly  and  tissue  specimens  (brain  and  spinal  cord) 
were  preserved  in  20%  formalin  for  histopathological  studies. 

As  shown  in  Table  8,  only  one  monkey  demonstrated  clinical  signs  of 
illness.  Monkey  #12  had  a mild  paresis  of  the  right  arm  for  4 days  fol- 
lowing inoculation.  This  paresis  was  most  likely  produced  by  brain 
trauma,  considering  the  fact  that  the  needle  tract  was  found  to  extend 
into  the  brain  stem.  However,  it  is  possible  that  the  injection  of  peni- 
cillin, which  was  given  in  the  right  arm,  was  responsible  for  the  clinical 
signs.  Weight  losses  were  not  observed  during  the  21-day  holding  period. 

All  monkeys  were  free  of  detectable  neutralizing  antibody  prior  to 
inoculation.  The  20  virus-inoculated  monkeys  developed  > 2.9  log]o  of 
antibody  during  the  21-day  holding  period. 

At  autopsy,  no  gross  pathology  was  seen  other  than  evidence  in  the 
skull  and  occasionally  on  the  meninges  of  the  trephining  lesion.  Histo- 
pathological studies  were  performed  by  Dr.  W.  Rosenblum,  Chief,  Division 
of  Neuropathology,  Medical  College  of  Virginia.  Tissues  were  stained  with 
hematoxyin  and  eosin,  phosphotungtic  acid  hematoxylin,  and  tricolor  stains. 
Generally,  little  evidence  of  histopathology  was  noted  except  for  perivascular 
cuffing  (Table  8). 

Safety  Test;  Various  "safety  tests"  were  carried  out  on  the  Final 
Unclarified  Vaccine  by  the  inoculation  of  animals.  The  results  are  shown 
in  Table  9. 

Twenty- four  adult  mice,  weighing  15  to  20  grams  each,  were  inoculated 
with  0.03  ml  and  intraperitoneally  with  0.5  ml  of  undiluted  Final  Unclarified 
Vaccine.  Mice  were  examined  for  28  days.  None  of  the  mice  exhibited  clinical 
signs  of  disease  during  the  observation  periods,  and  none  of  the  mice  died. 
After  28  days,  these  mice  were  divided  into  three  groups  (8  mice  per  group). 
All  three  groups  were  inoculated  intracerebral ly  with  the  virulent  Fleming 
strain  of  WEE  virus  - one  group  receiving  30,000  WMicLDsp,  one  group 
receiving  3,000  WMicLDsn  and  one  group  receiving  300  WMicLDcg  of  Fleming  virus. 
None  of  the  vaccinated  mice  died,  indicating  that  the  Final  Unclarified  Vac- 
cine had  induced  specific  protection  against  WEE  virus. 

In  other  safety  tests,  20  guinea  pigs  weighing  about  350  gm  each  were 
inoculated  intracerebral ly  with  0.1  ml  and  intraperitoneally  with  0.5  ml 
of  the  undiluted  Final  Unclarified  Vaccine.  The  guinea  pigs  were  observed 
for  21  days,  and  except  for  one  animal  that  died  from  anesthesia,  no 
evidence  of  clinical  disease  was  noted.  After  21  days,  10  of  the  guinea 
pigs  were  euthanized  and  autopsied.  No  gross  evidence  of  disease  was  noted. 
Brain  material  was  collected  for  histopathological  studies.  The  only  histo- 
pathological lesion  noted  was  evidence  of  mononuclear  infiltrates  of  the 
meninges. 

The  remaining  9 guinea  pigs  were  challenged  with  105  WMicLDsg  of  the 
virulent  WEE  Fleming  virus  via  intracerebral  inoculation.  These  animals 
were  observed  for  2 weeks.  None  developed  clinical  signs  of  disease. 


Twenty  55-65  gram  hamsters  were  also  inoculated  with  0.1  ml 
intracerebral ly  and  0.5  ml  intraperitoneally  with  the  undiluted  Final 
Unclarified  Vaccine.  Beginning  2 days  after  inoculation,  a number  of 
hamsters  were  observed  to  develop  clinical  signs  of  disease.  Signs  con- 
sisted of  "roughened"  appearance,  anorexia,  matted  fur,  hair  around  eyes, 
and  progressed  to  include  paralysis  of  the  hind  limbs,  prostration  and 
death.  Twelve  of  the  twenty  inoculated  animals  were  affected.  Animals 
were  observed  to  be  sick  from  the  second  day  post-inoculation  through  the 
tenth  day  post- inoculation.  Animals  found  dead  in  the  cages  (if  not 
eaten)  and  paralyzed  animals  were  collected  and  brain  tissues  examined  for 
histopathological  changes  and  assayed  for  virus  content. 

For  virus  isolation  studies,  brain  tissue  of  six  hamsters  which  had  died 
during  the  first  7 days  post-inoculation  were  individually  triturated  and 
10%  suspensions  inoculated  into  monolayers  of  chicken  embryo  cells  using  the  agar 
overlay  system.  Virus  could  only  be  detected  in  one  specimen  which  had 
been  harvested  three  days  after  inoculation.  Histopathological  examination 
of  the  brains  of  the  sick  and  dead  hamsters  revealed  areas  of  perivascular 
cuffing  and  monocytic  infiltration  of  the  meninges. 

The  8 hamsters  that  did  not  become  ill  were  observed  for  21  days, 
sacrificed,  and  their  brains  collected.  Histopathological  studies  of  these 
hamsters  did  not  reveal  any  marked  evidence  of  encephalitis  or  myelitis. 

Because  we  had  not  previously  detected  hamster  deaths  with  the  Lederle 
produced  Master  Seed  Vaccine,  we  inoculated  an  additional  lot  of  hamsters 
with  the  undiluted  Final  Unclarified  Vaccine  alone  and  after  incubation  with 
WEE  Fleming  antisera  (obtained  through  the  courtesy  of  the  Research 
Reference  Reagents  Branch,  NIAID,  NIH);  with  the  Master  Seed  Virus,  and  with 
a suspension  of  brain  from  the  viral  positive  horns ter  in  the  first  experi- 
ment. The  results  are  shown  in  Table  10.  In  this  study,  only  three  of 
twenty  hamsters  inoculated  with  the  final  vaccine  alone  became  sick  and 
died,  while  none  of  those  hamsters  inoculated  with  the  Final  Vaccine  plus 
WEE  antisera  became  sick.  Similarly,  none  of  10  hamsters  inoculated  with 
the  Master  Seed  Virus  died.  Interestingly,  5 of  6 hamsters  inoculated 
intracerebral ly  with  a 10%  suspension  of  infected  hamster  brain  material 
died.  These  results  indicate  that  the  final  vaccine  may  produce  disease  in 
a percentage  of  young  hamsters  and  that  the  disease  can  be  prevented  by  anti- 
sera. The  failure  of  the  Master  Seed  Virus  to  induce  infection  and  disease 
may  be  because  of  its  lower  titer  - approximately  106  PFU/ml  for  the  Master 
Seed  virus  and  109  PFU/ml  for  the  Final  Unclarified  Vaccine. 

Sterility  Tests:  For  bacterial  and  fungal  sterility  testing,  samples  of  the 
Master  Seed  Virus,  Final  Unclarified  Vaccine  and  the  Packaged  Vaccine  were 
examined  for  ttycoplasma,  anaerobic  and  aerobic  bacteria,  fungi  and  Mycobacteria 
tuberculosis.  Results  are  shown  in  Table  11. 

For  anaerobic  and  aerobic  bacteria  testing,  fluid  thioglycollate  (Difco) 
and  soybean  casein  digest  (Difco)  media  were  prepared  as  directed  by  the 
Bureau  of  Biologies,  FDA.  For  fungal  agent  culture,  fluid  Sabouraud  dextrose 
medium  (Difco)  was  used.  For  Mvcobacteri urn  testing,  Lowen stein -Jensen  medium 
prepared  from  the  Difco  base  and  fresh  eggs  was  obtained  from  the  Virginia 
State  Health  Department,  Richmond,  Virginia.  As  an  additional  medium  for  the 
culture  of  anaerobic  organisms,  fluid  peptone  yeast  extract  glucose  medium 


9 


(PYG  medium)  was  obtained  from  Dr.  P.  Hylemon,  Medical  College  of  Virginia. 
The  formula  for  PYG  medium  is  as  follows: 


Difeo  Peptone 

10  g 

Difeo  Yeast  Extract 

10  g 

Glucose 

5 g 

added  to  1 liter  of  salt  solution  containing  0.002  g each 
of  CaCl2  (anhydrous)  and  MgS04;  0.1  g each  of  K2HPO4  and 
KH2PO4;  and  0.02  g of  NaCl.  After  autoclaving,  1 g of 
sterile  cysteine  and  4 g of  sterile  Na2C03  were  added  and 
the  final  medium  is  dispensed  into  rubber  stoppered  bottles 
for  use. 

Five  vials  of  Master  Seed  virus,  20  vials  of  Packaged  Vaccine,  and  80 
ml  each  of  the  Working  Seed  and  Final  Unclarified  Vaccine  were  tested. 

The  ratios  of  inocula  to  media  used  were:  1 ml  to  10  ml  for  soybean  casein 
digest  medium;  5 ml  to  25  ml  of  Sabouraud  dextrose  medium  and  PYG  medium; 
and,  either  5 ml  to  25  ml,  or  1 ml  to  10  ml  for  thioglycol late. 

Lowenstein- Jensen  agar  slants  were  incubated  at  37  C in  5%  COp.  All 
other  cultures  were  equally  divided; one-half  were  incubated  at  35  C and 
one-half  at  20±2  C.  Cultures  were  kept  for  two  weeks  (except  the 
Lowenstein- Jensen  which  was  kept  for  8 wk)  and  examined  grossly  for 
evidence  of  bacterial  or  fungal  growth.  In  addition,  after  the  incubation 
period,  fluid  cultures  were  centrifuged  and  "sediments"  Gram  stained  and 
examined  microscopically  for  bacteria.  The  results  are  shown  in  Table  11. 

No  evidence  of  bacterial  or  fungal  contamination  was  seen. 

For  mycoplasmal  testing,  the  Final  Unclarified  Vaccine  and  uninoculated 
controls  were  tested  for  the  presence  of  mycoplasma  following  the  procedures 
outlined  by  the  Bureau  of  Biologies,  FDA.  This  test  was  done  at  the  USAMRIID 
and  the  results  indicate  that  mycoplasmas  were  not  present  in  the  Final  Vac- 
cine. 

Tests  for  Adventitious  Agents:  In  cell  culture  tests  for  adventitious  agents, 
preliminary  tests  were  conducted  utilizing  human  diploid  cells  (WI-38), 

African  green  monkey  kidney  cells  (BSC-1)  and  primary  Rhesus  monkey  kidney 
cells  obtained  from  Flow  Laboratories,  Rockville,  Maryland.  Mono- 
layers  of  cells  were  inoculated  with  dilutions  of  virus  and  dilutions  of 
virus  preincubated  (for  1 h at  37  C)  with  WEE  serum  (CDC,  equine).  Cultures 
were  observed  14  days  for  evidence  of  viral  cytopathic  effects  and  for  evi- 
dence of  viral  "breakthroughs"  in  serum  neutralization  tests.  The  results 
are  shown  in  Table  12.  The  Final  Unclarified  Vaccine  produced  CPE  in  cul- 
tures of  WI-38  and  BSC-1  cells.  The  CPE  was  effectively  neutralized  when 
virus  was  treated  with  serum.  Only  one  tube  of  WI-38  cells  exhibited  signs 
of  virus  "breakthrough."  The  "breakthrough"  agent  was  found  to  be  WEE  virus. 
The  primary  Rhesus  cells  did  not  show  specific  viral  CPE  effects  in  either 
control  or  virus  neutralization  titrations.  These  cells  did  not  stand  up 
well  under  the  conditions  used,  however,  and  it  was  difficult  to  fully 
ascertain  the  potential  extent  of  virus  damage  to  these  cells. 

For  murine  virus  testing  of  the  Final  Unclarified  Vaccine,  a 20  ml 
sample  of  material  was  hand  carried  to  Dr.  John  Parker,  Microbiological 
Associates,  Bethesda,  Maryland.  This  material  was  used  in  mouse  antibody 
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production  by  Dr.  Parker.  The  results  (see  appendix  3)  of  Dr.  Parker's 
tests  indicated  that  the  Final  Unclarified  Vaccine  is  free  of  12  dif- 
ferent murine  viruses. 

Tests  for  avian  leucosis  viruses  were  perfojined  by  Microbiological 
Associates  (MBA),  Bethesda,  Maryland.  Three  different  samples  were  sub- 
mitted for  testing:  (1)  Final  Unclarified  Vaccine,  (2)  Hanks'  199 
media  with  human  serum  albumin  (used  in  preparing  the  vaccine)  and 
(3)  Final  Unclarified  Vaccine  which  had  been  treated  with  rabbit  anti- 
WEE  serum  (kindly  supplied  by  Dr.  G.  Eddy,  USAMRIID).  Treatment  of  the 
virus  was  accomplished  by  incubating  equal  parts  of  vaccine  and  rabbit 
antiserum  for  2 h at  37  C and  then  inoculating  the  mixture  onto  chicken 
embryo  cell  cultures,  maintained  for  two  weeks  at  36  C in  medium  con- 
taining rabbit  anti-WEE  serum.  After  two  weeks,  the  cells  were  harvested 
and  inoculated  onto  fresh  CECC  maintained  in  the  same  fashion  for  two 
additional  weeks. 

Specimens  submitted  to  MBA  were  treated  by  several  methods  and 
tested  for  the  presence  of  leucosis  antigens  by  the  COFAL  test  of  inocu- 
lated quail  and  chicken  embryo  cells.  Specimens  were  negative  for  leucosis 
antigens  (Appendix  4). 


Reversion  Tests:  The  Final  Unclarified  Vaccine  was  serially  passed  four 
times  intracerebral ly  in  suckling  mice.  Ten  percent  suspensions  of 
infected  suckling  mouse  brain  material  were  used  as  inocula.  At  each 
passage  level,  the  infected  brain  material  was  inoculated  into  weanling 
mice  (15-20  g)  intracerebral ly.  Evidence  of  reversion  to  a "virulent" 
form  of  virus  was  not  detected.  That  is  to  say  that  the  suckling  mouse 
brain  material  did  not  kill  weanling  mice,  even  after  four  passages. 

Plaque  Size  Variability  in  the  Final  Vaccine: 

In  other  tests,  one  ml  quantities  of  ten-fold  dilutions  of  the 
Final  Unclarified  Vaccine  were  cultured  in  75  cm^  bottles  of  CECC.  The 
bottles  were  overlaid  with  nutrient  agar  containing  neutral  red  and 
observed  twice  daily  for  plaque  development.  Two  distinct  plaque  types 
were  observed.  The  predominant  type  averaged  0.75  to  1 mm  in  diameter 
at  48-72  hrs  post-inoculation,  and  titered  ca  lo"  PFU/ml.  However,  at 
high  virus  concentrations,  a few  plaques  were  observed  to  be  2-3  mm. in 
diameter  and  appeared  to  titer  about  3 X 10°  PFU/ml.  These  two  plaque 
types  had  not  been  observed  in  plaque  titrations  of  virus  where  25  mnr 
plates  had  been  used  and  the  neutral  red  indicator  dye  had  been  added  to 
the  plates  48  hrs  after  inoculation. 

The  discovery  of  two  different  plaque  sizes  in  the  Final  Vaccine  was 
an  unexpected  development  that  altered  the  course  of  the  project.  In  order 
to  determine  that  the  results  were  real,  the  experiment  was  repeated  several 
times  with  similar  results.  Typically,  when  the  Final  Unclarified  Vaccine 
was  diluted  to  contain  200  to  600  PFU  per  inoculum  and  seeded  onto  a large 
surface  area  of  cells,  2-3  "large"  plaques  were  observed  in  the  field. 

Initially,  it  was  felt  that  the  large  plaques  could  be  due  to  several 
foci  of  Infectious  virus  grouped  together  to  produce  a coalescence  of 
plaques  which  would  appear  as  a single  large  plaque.  Therefore,  virus  was 
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harvested  from  several  large  plaques  and  small  plaques,  and  "cloned"  in 
CECC.  The  large  plaque  reproduced  large  plaque  types;  the  small  plaque 
type  gave  rise  to  both  large  and  small  plaques. 

The  next  factor  investigated  was  the  possibility  of  a "contaminating" 
adventitious  agent.  The  Final  Vaccine  preparation  and  suspensions  of  large 
and  small  plaque  material  were  tested  in  serum  neutralization  breakthrough 
tests  utilizing  virus  dilutions  and  undiluted  WEE-Fleming  hyperimmune  mouse 
ascitic  fluid  obtained  from  the  Reference  Reagents  Branch,  NIAID,  NIH.  This 
ascitic  fluid  had  been  tested  against  a variety  of  arboviruses  and  adventi- 
tious murine  viruses  and  was  known  to  be  free  of  antibody  for  these  agents. 

The  ascitic  fluid  neutralized  both  the  large  and  small  plaque  types  (Table 
13).  Plaques  that  formed  in  the  presence  of  immune  ascitic  fluids  were 
found  to  be  WEE  virus.  One  large  plaque  type  (PL-148)  and  one  small  plaque 
type  (PL-149)  were  harvested  for  other  studies. 

The  next  experiments  were  designed  to  determine  which  plaque  type  was 
"atypical"  for  the  WEE  Cl-15  vaccine.  Therefore,  the  original  (BHK5CECC1) 

WEE  B628  virus  (from  which  Cl-15  was  derived);  the  Lederle  produced  Master 
Seed  of  WEE  Cl-15,  and  the  Final  Unclarified  Vaccine  were  plagued  in  CECC  and 
the  plaque  sizes  compared.  The  results  are  shown  in  Table  14.  From  these 
results,  it  was  found  that  the  small  plaque  type  was  the  "atypical"  virus. 

The  results  of  the  animal  inoculation  experiments  raise  some  questions 
concerning  the  small  plaque  type.  The  Final  Vaccine  did  not  produce  clin- 
ical infection  in  monkeys,  guinea  pigs,  or  weanling  mice,  but  did  produce 
sporadic  disease  in  hamsters  inoculated  intracerebral ly  and  intraperitoneal ly. 
Hamster  illness  and  death  was  not  seen  when  the  Master  Seed  Virus  was  inocu- 
lated similarly;  however,  this  may  reflect  a titer  difference  between  the 
two  viruses.  Interestingly,  virus  isolated  from  the  brain  of  infected 
hamsters  was  predominantly  of  the  small  plaque  type,  but  some  large  plaques 
were  also  observed. 

In  order  to  determine  if  the  development  of  two  plaque  types  was  an 
isolated  occurrence  or  could  be  repeated,  studies  were  undertaken  to  repeat 
the  vaccine  production  procedure.  The  procedures  used  in  preparing  the 
Final  Vaccine  were  followed.  Briefly,  9 day  chicken  embryo  cells  were 
plated  at  3 X 10°  cells/ml,  incubated  overnight  in  Hanks'  199  with  10% 
fetal  calf  serum  (Rehautin,  Reheis  Chemical  Corp.,  Kankakee,  Illinois). 

The  cells  were  then  washed,  inoculated  with  about  10^  infectious  units  of 
Master  Seed  Virus,  and  incubated  in  Hanks'  199  with  0.5%  human  serum  albu- 
min. Twenty-four  hours  later  the  virus  was  harvested  and  passed  one  addi- 
tional time  under  similar  conditions  to  produce  a "Final  Unclarified  Vac- 
cine." Again  we  were  able  to  detect  two  plaque  types  in  the  "Final  Vaccine," 
the  material  titered  7 X I08  small  (2-3  mm)  PFU  and  1.7  X 109  large  (5  mm) 

PFU  per  milliliter.  Thus,  it  appearedthat  the  development  of  the  two  plaque 
morphologies  was  characteristic  of  the  WEE  Cl-15  virus  under  the  conditions 
used. 

The  stability  of  the  large  and  small  viral  types  was  tested  by  serial 
passage  of  each  plaque  type  through  CECC  agar  overlay  systems  for  three 
f passages.  Invariably,  the  small  plaque  variant  produced  both  large  and 

small  plaques,  while  the  large  plaque  virus  appeared  to  produce  only  large 
plaques.  However,  the  large  plaque  virus  may  simply  mask  the  small  plaques 
and,  therefore,  we  cannot  be  sure  that  the  large  plaque  virus  reproduces 
true. 
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In  other  studies  a large  plaque  virus  (Pl-148)  and  a small  plaque 
virus  (PI -149)  were  selected  from  serum  neutralization  breakthrough  test. 

These  viruses  were  passed  in  fluid  CECC  five  times.  The  temperature  of 
incubation  did  not  appear  to  affect  the  development  of  plaques.  Both  Pl-148 
and  Pl-149  failed  to  plaque  at  40  C;  whereas  both  do  plaque  at  35  and  30  C 
(Table  15). 

Finally,  the  virulence  characteristics  of  these  two  viruses  was 
examined  in  animals.  The  Final  Unclarified  Vaccine  and  the  small  plaque 
viruses  produce  death  in  hamsters.  Also,  there  appeared  to  be  some 
evidence  of  selection  for  hamster  virulence  in  that  small  plaque  virus 
isolated  from  hamster-brain  material  was  more  virulent  for  hamsters  than 
the  original  vaccine.  Both  the  Pl-148  and  the  Pl-149  viruses  were  passed 
through  fluid  CECC  five  times.  Passage  material  was  tested  for  virulence 
and  for  titer  in  suckling  and  weanling  mice  and  50-60  g hamsters.  The 
results  are  shown  in  Table  16.  Again,  it  appears  as  if  the  small  plaque, 

Pl-149,  virus  may  become  more  virulent  for  hamsters  and  weanling  mice  with 
passage.  Conversely,  the  large  plaque,  Pl-148,  virus  appeared  to  retain 
its  virulence  characteristics  through  five  passages. 

Conclusions  and  Recommendations 

Approximately  350  vials  (3,500  doses)  of  the  Packaged  Vaccine 
has  been  preparecf  and  about  70,000  ml  (150,000  doses)  of  undiluted 
Final  Clarified  Vaccine  are  available  if  needed. 

All  of  the  results  obtained  indicated  the  WEE  Cl-15  virus  would  be 
a reasonable  candidate  for  a human  and  animal  vaccine.  Such  a vaccine  has 
potential  advantages  over  a killed  vaccine  in  that  (1)  less  material  would 
be  required  to  produce  large  volumes  of  vaccine  quickly,  (2)  the  live  virus 
initiates  immunity  much  quicker  than  killed  vaccines,  and  (3)  presumably 
the  live  virus  vaccine  could  produce  a longer  lasting  imnunity.  Certainly, 
if  an  explosive  epizootic  and  epidemic  of  WEE  virus  occurred  similar  to  the 
1971  Venezuelean  equine  encephalitis  virus  (VEE)  epizootic  in  the  U.S., 
an  available  live  virus  vaccine  would  be  of  great  use. 

The  Final  Vaccine  produced  in  the  present  study  is  potent,  free  of 
detectable  bacterial,  fungal,  and  mycoplasmal  contaminants  and  free  of 
adventitious  viral  agents  by  the  methods  used  in  testing.  The  Final  Vac- 
cine does  not  appear  to  be  neurovirulent  for  adult  monkeys  and  guinea  pigs, 
or  weanling  mice.  However,  the  vaccine  does  contain  some  neurovirulence 
character  for  young  hamsters  and  newborn  mice.  Inoculation  of  animals  with 
the  vaccine  does  elicit  the  production  of  protective  antibodies.  Thus,  the 
WEE  Cl-15  Final  Vaccine  appears  to  be  similar  in  potency  and  neurovirulence 
characteristics  to  the  TC-83  strain  of  Venezuelean  equine  encephalitis  virus. 

The  most  disquieting  fact  concerning  the  present  lot  of  WEE  Cl-15  Final  Vac- 
cine is  the  presence  of  two  plaque  variants  in  the  vaccine.  Although 
both  the  large  and  the  small  plaque  viruses  appear  to  be  strains  of  WEE  virus, 
clearly  the  small  plaque  mutant  is  virulent  for  hamsters,  and  it  does  have  the 
propensity  to  easily  give  rise  to  the  large  plaque  type--thus,  indicating 
that  the  small  plaque  mutant  is  capable  of  "reversion"  to  the  large  plaque. 

Because  the  Final  Vaccine  does  contain  two  plaque  variants  of  WEE 
virus,  in  the  opinion  of  this  investigator  the  vaccine  should  not  be  used  \ 
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as  a routine  vaccine  for  man.  Studies  should  be  undertaken  to  develop  a 
monotypic  virus  population  for  any  vaccine  being  considered  for  human 
utilization.  Possibly,  the  vaccine  could  be  safely  utilized  in  horses; 
however,  additional  studies  in  this  species  need  to  be  initiated. 

STUDIES  WITH  EEE  VIRUS 
Introduction 


The  need  for  an  effective  EEE  viral  vaccine  for  man  has  been  known  for 
many  years.  As  early  as  1941  Beard, et  al.  (8)  reported  on  the  vaccination 
of  man  with  a killed  EEE  vaccine.  Other  killed  vaccines  for  EEE  virus  have 
been  developed  by  Randall  et  al.  (9),  Maurer  et  al.  (10)  and  Lowenthal  et 
al.  (11).  Many  of  the  inactivated  vaccines  have  been  effective  for  the 
immunization  of  domestic  animals;  however,  because  of  the  need  to  use  mul- 
tiple injections,  the  poor  immune  response  elicited,  and  difficulties  of 
achieving  completely  inactivated  virus,  these  vaccines  havenot  been  entirely 
satisfactory  for  use  in  man. 


The  possibility  of  developing  a strain  of  EEE  virus  suitable  for  use 
as  a vaccine  is  supported  by  the  fact  that  other  Group  A arboviruses  have 
been  successfully  attenuated.  An  attenuated  strain  of  Venezuelean  equine 
encephalitis  (VEE)  virus  has  been  developed  as  a vaccine  for  use  in  man  and 
horses  (12,  13,  14),  and  an  attenuated  strain  of  WEE  virus  has  been  devel- 
oped and  field  tested  in  a limited  number  of  horses  (2,  5,  7).  Both  of 
these  vaccines  were  obtained  by  serial  passage  in  laboratory  cell  culture 
systems. 


Other  workers  have  shown  that  chemical  mutagens  can  be  used  with 
certain  Group  A arboviruses  such  as  Sindbis  and  Semliki  Forest  to  induce 
mutant  strains  of  these  viruses  (15,  16).  Although  these  chemically  induced 
mutants  have  not  been  studied  for  their  vaccine  potential,  it  is  reasonable 
to  assume  that  the  methods  employed  might  be  useful  in  selecting  a strain 
of  EEE  virus  suitable  as  an  attenuated  vaccine.  Thus,  the  present  studies 
were  initiated  tc  attempt  to  select  an  avirulent  strain  of  EEE  virus  which 
could  serve  as  a vaccine  candidate  strain. 

Materials  and  Methods 


Viruses: 

Two  strains  of  EEE  virus  were  chosen  for  preliminary  studies:  Arth 
167-SPM  and  BeAn  221.  The  Arth  167-SPM  and  the  BeAn  221  Strains  of  EEE 
virus  were  selected  somewhat  arbitrarily.  The  Arth  167-SPM  virus  was  iso- 
lated by  one  of  us  (PHC)  in  1962  and  is  known  to  be  less  virulent  than  the 
parent  strain.  This  virus  will  infect  weanling  mice  and  hamsters  without 
killing  the  animals  and  will  produce  protective  antibodies  in  these  animals 
(Coleman,  P.  H.,  unpublished  data).  The  Arth  167-SPM  virus  does  not  produce 
protection  in  guinea  pigs  vaccinated  with  the  virus.  Thus,  it  is  evident 
that  this  virus  needs  further  study  to  determine  its  potential  as  a vaccine 
candidate  strain. 

The  Arth  167-SPM  isolate  used  in  the  present  studies  was  obtained  from 
the  WHO  Regional  Arbovirus  Reference  Center  for  the  Americas,  CDC,  Atlanta, 
Georgia.  This  isolate  was  originally  made  from  a pool  of  mosquitoes. 


I 

] 


1 

t 


i 

j 


14 


Culeseta  melanura,  collected  in  1950  in  Louisiana  (17).  As  obtained  in 
our  laboratory,  the  virus  has  been  passed  extensively:  weanling  mice, 
intracerebral ly,  2;  embryonated  chicken  eggs,  1;  de-embryonated  chicken 
eggs,  50;  primary  hamster  kidney  cell  cultures,  15;  and  duck  embryo  cell 
cultures,  2.  By  clonal  selection  during  the  duck  embryo  passage  a small 
plaque  mutant  was  isolated.  This  mutant  is  known  to  have  reduced  patho- 
genesis for  weanling  mice  inoculated  peripherally  or  intracerebral  ly.  In 
addition,  the  Arth  167-SPM  isolate  anti  gen i cal ly  resembles  other  North 
American  isolates  when  tested  by  Casals'  hemagglutination  test  (18). 

The  BeAn  221  strain  was  selected  because  it  is  a South  American  isolate 
and,  although  it  is  known  to  be  antigenical ly  distinguishable  from  North 
American  EEE  strains,  it  does  produce  neutralizing  antibodies  against  both 
South  American  and  North  American  viruses  (18).  A South  American  isolate 
was  selected  because  epidemiological  studies  in  South  America  have  shown 
that  although  EEE  virus  is  prevalent,  and  both  man  and  animals  have  anti- 
body to  the  virus,  there  is  no  reported  evidence  of  large  scale  clinical 
epidemics  or  epizootics  of  EEE  disease  in  the  areas  of  viral  activity. 

The  BeAn  221  strain  was  obtained  from  Dr.  R.  Shope,  WHO  Arbovirus 
International  Reference  Center,  Yale  University.  This  isolate  was  originally 
obtained  from  sentinal  monkeys  in  Brazil  in  1955  (19).  The  virus  had  been 
passed  5 times  intracerebral ly  in  suckling  mice. 

Animals: 

All  animals  were  obtained  from  commercial  sources.  The  ICR  strain  of 
mice  (Flow  Laboratories,  Inc.,  Dublin,  Virginia)  was  used  throughout  the 
study.  Where  suckling  mice  were  used,  pregnant  mice  were  purchased  and 
allowed  to  litter  in  our  facilities.  In  addition,  weanling  ICR  mice  (18- 
20  g),  adult  guinea  pigs  (300  g),  and  Syrian  hamsters  (50-100  g)  were  used. 
Male  Rhesus  monkeys  (2-4  kg)  were  obtained  from  Primate  Imports,  Inc., 

Port  Washington,  New  York.  All  animals  were  fed  the  appropriate  Purina 
feed  ^ libitum  and  provided  water  ad  1 ibitum. 

Cell  Cultures: 

For  chicken  embryo  cell  cultures  (CECC),  fertile,  specific  pathogen 
free  eggs  were  obtained  from  SPAFAS,  Inc.,  Norwich,  Connecticut.  Primary 
CECC  were  prepared  from  9-11  day  embryos.  Embryos  were  harvested  aseptically, 
decapitated  and  delimbed.  Embryos  were  minced  with  scissors,  and  trypsinized 
from  1-2  hours  in  0.25%  trypsin  in  isotonic  gl ucose-KCl -NaCl  solution. 
Trypsinized  cells  were  filtered  through  eight  layers  of  gauze  and  plated  at 
a 1:150  dilution  in  disposable  plastic  culture  bottles.  Growth  media  con- 
sisted of  antibiotic  free  Hanks'  balanced  salt  solution  (HBSS)  containing  5% 
fetal  calf  serum,  0.1%  yeastolate  (Difco),  phenol  red,  sodium  bicarbonate. 
Cells  were  grown  at  36  C. 

For  virus  production,  monolayers  of  CECC  were  rinsed  three  times  with 
HBSS  and  inoculated  with  virus.  After  an  absorption  period  of  1 hour, 
infected  cells  were  maintained  at  36  C with  Scherer's  Maintenance  Solution 
(Microbiological  Associates)  containing  1%  gelatin  (Difco),  0.5%  lactalbumin 
hydrolysate,  sodium  bicarbonate  and  without  antibiotics. 


For  purification  and  titration  studies,  the  agar-overlay  plaque  system 
was  used.  Infected  monolayers  were  overlayed  with  Earle's  balanced  salt 
solution  (BBSS)  containing  2%  newborn  calf  serum,  1%  Noble  agar,  1.65  mg 
lactalbumin  hydrolysate  per  ml,  and  sodium  bicarbonate  without  antibiotics. 
After  48  hours  of  incubation,  a second  overlay  containing  5 ug  neutral  red 
per  ml  was  added  and  the  plaques  examined  after  24  hours.  All  plaque 
titrations  were  done  in  duplicate  and  the  viral  titers  expressed  as  plaque 
forming  units  (PFU)  per  ml.  For  plaque  purification  studies,  plaques  were 
"picked"  utilizing  a sterile  pasteur  pipette,  and  the  harvested  material 
was  suspended  in  one  ml  of  phosphate  (0.015  M)  buffered  saline  (0.15  M), 
pH  7. 2-7. 6,  containing  4.0%  bovalbumin  fraction  V (Armor). 

In  studies  with  N-methyl-N'-nitro-N-nitrosoquanidine  200  ug  of  the 
chemical  was  added  to  undiluted  viral  stocks.  At  selected  intervals, 
samples  of  virus  were  removed  and  titrated  in  agar  overlay  CECC  cultures. 

The  amount  of  surviving  virus  was  calculated  as  the  virus  titer  in  PFU. 

Results 

Both  strains  of  EEE  virus  were  "purified"  by  three  plaque  passages. 

The  original  stock  viruses  were  inoculated  initially  into  fluid  CECC  cultures 
to  prepare  about  100  ml  of  virus  for  plaque  purification.  Before  plaque 
purifying  the  virus,  pt'eliminary  studies  were  conducted  to  determine  whether 
any  differences  could  be  seen  in  EEE  viral  plaque  formation  between  a single 
overlay  system  containing  neutral  red  and  a double  overlay  system  in  which 
the  neutral  red  is  included  in  the  second  overlay  only.  In  several  studies 
it  was  found  that  both  the  Arth  167-SPM  and  the  BeAn  221  strains  gave  about 
two-fold  higher  titers  in  the  double  overlay  system.  Thus  the  double  over- 
lay method  was  selected  for  plaque  purification  and  titration  of  the  viruses. 

For  the  plaque  purification  of  these  two  viruses,  ten-fold  dilutions  of 
each  of  the  CECC  passaged  viruses  were  inoculated  in  duplicate  onto  mono- 
layers  of  CECC  and  agar  overlayed.  At  that  dilution  which  produced  between 
5 and  30  plaques,  four  plaques  were  "harvested"  individually  and  stored  in 
one  ml  of  diluent  at  -70  C.  Ten-fold  dilutions  of  one  of  the  harvested 
plaques  were  then  prepared  and  inoculated  into  fresh  CECC  for  agar  overlay. 
Again  four  plaques  were  harvested,  and  the  plaque  purification  procedure  was 
repeated  one  additional  time.  Material  harvested  from  the  third  plaque  pas- 
sage was  inoculated  into  large  fluid  monolayer  cultures  and  after  48  to  72 
hours  harvested,  dispensed  in  small  samples  and  stored  at  -70  C as  the 
working  seed  virus  preparation.  The  results  of  the  plaque  purification  study 
are  shown  in  Table  17.  Both  purified  viruses  were  identified  as  EEE  virus  by 
neutral ization. 

Titration  of  the  working  seed  virus  in  CECC  and  intracerebrally  in 
newborn  mice  showed  that  the  Arth  167-SPM  had  a titer  of  4.7  x 10'  PFU/ml 
and  108.3  LDso/ml  in  mice. 

The  BeAn  221  strain  only  titered  2 x 10^  PFU/ml  in  CECC  and  less  than 
103.5  icLD5o  in  newborn  mice.  Therefore,  a fresh  working  seed  lot  of  this 
virus  was  prepared.  Again  the  titer  was  low;  only  6x10^  PFU/ml  in  CECC. 
Thus,  a new  lot  of  the  BeAn  221  working  seed  virus  was  prepared  which  titered 
a 107  PFU/ml  in  CECC. 
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Studies  with  the  Arth  167  Small  Plaque  Mutant  (SPM)  Strain  of  EEE 
Studies  with  Nitrosoguanidine: 

Routinely,  about  99%  of  the  PFUs  of  the  Arth  167-SPM  virus  could  be 
inactivated  by  mixing  200  ug  of  nitrosoguanidine  (NTG)  with  a cell  culture 
suspension  of  virus.  The  mixture  was  incubated  for  up  to  60  minutes  at 
room  temperature.  Dilutions  of  the  treated  virus  were  plagued  on  CECC  in 
replicate  cultures  incubated  at  36  and  42  C.  After  48  hours,  cultures 
were  examined  for  differences  in  plaque  number  of  plaque  morphology  and 
compared  with  untreated  controls.  Several  hundred  cultures  were  examined 
by  this  method  without  detecting  any  evidence  of  viral  mutation.  It  appears 
that  the  individual  EEE  virions  were  either  inactivated,  or  unaffected,  or 
at  least  plaquing  capabilities  were  not  altered.  Results  of  a typical 
experiment  are  shown  in  Table  18. 

In  other  studies,  virus  was  absorbed  to  monolayers  of  CECC  and  the 
cultures  incubated  at  35  C for  either  four  or  six  hours  in  maintenance  medium. 
After  incubation,  the  medium  was  decanted  and  maintenance  media  containing 
100  yg,  300  yg,  or  500  yg  of  NTG  per  ml  were  added  to  the  infected  monolayers. 
After  one  hour,  the  NTG  medium  was  decanted,  fresh  medium  added,  and  cultures 
incubated  at  36  C for  an  additional  6 to  20  hours.  The  harvested  virus  was 
titrated  in  overlayed  cultures  of  CECC  at  42  or  36  C.  Again,  no  visual  dif- 
ferences were  noted  in  the  plaque  numbers  or  morphology  of  plaques  between 
the  two  temperatures,  but  up  to  5 logs  of  PFUs  were  inactivated  in  this 
procedure. 

Studies  with  the  BeAn  221  Strain  of  EEE  Virus: 

Because  of  the  failure  to  produce  a usable  EEE  vaccine  with  the 
Arth  167-SPM  strain  of  EEE  virus,  studies  were  begun  with  the  BeAn  221, 

South  American  Virus. 

Initially,  the  virus  was  plaque  purified  by  four  passages  at  terminal 
dilution  in  CECC.  Subsequently,  the  virus  was  passed  in  CECC  cells, 
periodically  plaqued  at  30,  36  and  40  C and  the  plaques  observed  for 
"atypical"  appearance.  In  addition,  several  experiments  were  conducted 
utilizing  nitrosoguanidine  in  an  attempt  to  develop  an  attenuated  virus. 

We  did  not  observe  any  obvious  differences  between  plaques  produced 
following  nitrosoguanidine  treatment  and  controls. 

In  animal  virulence  studies  (Table  19),  the  eighth  CECC  passage  of 
the  BeAn  221  strain  virus  was  inoculated  into  several  species  of 
laboratory  animals.  This  virus  titered  about  10^*5  LD5o/inl  when  inocu- 
lated into  newborn  mice  via  either  the  intracerebral  or  intraperl toneal 
route. 

In  weanling  mice,  the  virus  titered  LD5Q/ml  when  inoculated 

via  the  intracerebral  route,  but  only  10* when  inoculated  intraperi- 
toneally.  Similarly,  hamsters  inoculated  intraperi toneal ly  with  10® 
mouse  LD50  of  virus  developed  encephalitis  and  died,  while  300-350  gram 
guinea  pigs  were  not  affected  following  intraperi toneal  inoculation  of  the 
same  dose  of  virus.  Thus,  it  appears  that  the  BeAn  221  strain  of  EEE  virus 
may  be  less  virulent  for  animals  than  naturally  occurring  North  American 
isolates. 
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The  stock  virus  pool  was  tested  on  several  occasions  for  evidence 
of  its  mutants  by  plaquing  the  virus  at  30,  35,  and  40  C.  In  general,  no 
significant  differences  were  noted  in  virus  titers  or  plaque  morphology 
(except  plaques  were  smaller  at  30  than  35  or  40  C).  Similarly,  no  dif- 
ferences were  noted  in  titers  or  plaque  morphology  when  the  virus  was 
titrated  at  30,  35,  and  40  C using  Nobel  agar  or  Argose  agar  in  the  overlay 
media. 

Consistently,  different  plaque  sizes  were  demonstrable  in  culture 
vessels  with  large  numbers  of  plaques.  Invariably  some  plaques  were  smaller 
in  size  than  the  general  population.  Plaques  harvested  and  passed  produce 
parental  type  plaques  indicating  that  the  size  variation  seen  is  primarily 
a function  of  "crowding"  with  the  virus  and  not  a viral  characteristic. 

In  other  studies,  the  BeAn  221  stock  virus  was  treated  with  nitro- 
soguanidine  (NTG)  and  with  5-fluorouracil  (5FU)  to  determine  if  mutants 
could  be  selected.  The  majority  of  our  work  in  this  connection  was  pre- 
liminary in  nature  to  determine  time,  temperature,  dose,  and  procedural 
effects.  Results  of  a typical  study  with  NTG  is  shown  in  Table  20.  Basically, 

NTG  reduced  the  titer  of  the  EEE  virus,  but  in  the  studies  conducted  to  date, 
we  were  unable  to  demonstrate  any  significant  alterations  in  plaque  morphology 
of  NTG  treated  material.  5-FU  was  similarly  disappointing  in  preliminary 
tes  ts . 

In  other  studies  the  BeAn  221  virus  was  serially  passed  in  9-11 
day  old  chicken  embryonated  eggs  and  in  chicken  embryo  cell  cultures. 

Periodically,  material  from  selected  passages  was  tested  for  plaque 
morphology,  as  well  as  virulence  in  weanling  mice.  No  evidence  of  an 
attenuated  virus  was  detected. 

Conclusions  and  Recommendations 

In  attempts  to  develop  a strain  of  attenuated  EEE  vaccine,  we  have 
concluded  that  the  Arth  167-SPM  virus  is  not  suitable  human  vaccine  candidate. 

This  virus  appeared  to  be  attenuated  in  that  it  has  lost  some  of  its  ability 
to  "cross"  the  blood  brain  barrier  of  infected  animals.  However,  when  inocu- 
lated directly  into  the  brains  of  animals,  the  virus  appeared  to  as  neuro- 
virulent  as  are  wild  strains  of  virus.  Furthermore,  mul  tiple  attempts  to 
further  attenuate  the  virus  with  chemical  mutagens  and/or  plaque  selection 
proved  futile.  Therefore,  studies  were  initiated  utilizing  the  BeAn  221 
strain  of  EEE  virus. 

After  about  10  passages  in  cell  culture,  the  BeAn  221  strain  of  EEE  virus  is 
not  highly  virulent  for  laboratory  animals  inoculated  peripherally,  but  still  retains 
virulence  characteristics  when  inoculated  intracerebral ly. 

Because  of  the  need  for  an  avirulent  vaccine  strain  of  EEE  virus  for 
use  in  man  and  animals,  it  is  recommended  that  studies  with  the  BeAn  221 
virus  be  continued  in  an  effort  to  select  a suitable  vaccine  candidate. 
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Table  1:  Passage  History  of  the  Western  Equine  Encephalitis  Virus  8628  Strain 


Isolated  in  Primary 
Hamster  Kidney  Cells. 
(Johnson)  (HK-j) 


Originally  isolated  in  1957  from  tissues 
of  a house  sparrow.  Passer  domesticus 
collected  in  Kern  County,  California. 


Passed  Three  Times  in 
Primary  Hamster  Kidney  Cells 
(Johnson)  (HK^) 


1 


Passed  30  times  in  Primary 
Chicken  Embryo  Cell  Cultures 
(Johnson)  (HK^CECC^q) 

Passed  One  Time  in  Primary 
Chicken  Embryo  Cells 
(Johnson)  (HK^CECC^-]) 


The  attenuated 8628  ( Clone-15)  strain  was 
obtained  at  this  level 


This  material  sent  to  Lederle 


Passed  Two  Times  in  Fertile 

Chicken  Eggs 

(Lederle)  (HK4CECC3^CE2) 


This  material  used  to  make  equine  vaccine 


Passed  Two  Times  in  Primary  This  is  the  lyophilized  product  used  as 
Chicken  Embryo  Cells  Master  Seed  Virus  in  the  present  studies. 

(Lederle)  (HK4CECC3^CE2CECC2) 


Passed  One  time  in  Primary 
Chicken  Embryo  (Cofal)  Cells 
(Coleman)  (HK4CECC3^CE2CECC3) 

Passed  One  Time  in  Primary 
Chicken  Embryo  (Cofal)  Cells 
(Coleman)  (HK4CECC3^CE2CECC4) 


This  is  the  Working  Seed  Virus 


This  is  the  Final  Vaccine  Virus 


Table  2,  Comparative  Titers  of  WEE  B628  Virus  in  Animals  and  Chicken 
Embryo  Cells. 


Hosts* 


CECC  Newborn  Mice  3-4  Week  Mice  Hamsters  (100  g) 

Virus  (PFU/ml  (LOgp/ml)  (LDgQ/ml)  deaths/inoculated 


WEE  B628  8.8  X 10^ 

Orig.  (HK5CE2) 


WEE  Cl-15  3.4  X 10^ 

Master  Seed 


WEE  Cl-15  9.0  X 10® 

Final  Clarified 

Vaccine 


1.4  X 10"  7.2  X 10' 


6/ 

/6 


1.2  X lO" 


0/ 

/6 


2.0  X 10 


8 


0/ 

/6 


♦Newborn  and  weanling  mice  inoculated  intracerebrally  with  0.02  and  0.03  ml, 
respectively,  of  undiluted  and  ten-fold  dilutions  of  virus.  Hamsters  inoculated 
with  0.1  ml  intracerebrally  of  undiluted  virus  only. 


Table  3.  Virulence  of  WEE  B628  Strain  (Lederle)  Vaccine. 


B628  Strain  (Lederle)  Vaccine  (cont. 


Table  4.  Detectable^Viremia  (PFU)  in  Guinea  Pigs  and  Hamsters  Following  Inoculation 
with  ca  10’  ^MicLD5g  of  WEE  8628  Lederle  Vaccine 
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Table  5.  Challenge  of  Animals  Six  Weeks  after  Vaccination  with 
the  Lederle  WEE  Vaccine. 


Vaccinated  with 
WEE  B628 


Challenged  ic  with 

10^  WMLD5Q  of  WEE 
Fleming 


Species 

Dose 

Route 

— 

f,  Guinea  Pigs 

r 

SMLDjo 

ip 

ic 

Hamsters 

IO4 

ip 

10^ 

ic 

1 Mice  (weanling) 

105 

ip 

10^ 

ip 

1 

1 

102 

10' 

ip 

ip 

10^ 

ic 

10, 

ic 

10^ 

10' 

ic 

ic 

• 

- 

Table  6.  Preliminary  Testing  of  the  WEE B628 Strain  of  Working  Seed  Virus 
of  Final  Unclarified  Vaccine-Virus. 


Test  Working  Seed  Virus  Final  Vaccine  Virus 


Titration  in  CECC 
agar  overlays 

10®  PFU/ml 

10^  PFU/ml 

Growth  on  Blood  Agar  Plates  (10  ml) 

Negative 

Negative 

Growth  in  Thioglycolate  (10  ml) 

Negative 

Negative 

Pathogenesis  in  20  adult  mice 
inoculated  intracerebral ly 

No  symptoms 

No  symptoms 

Pathogenesis  in  4 Rhesus  monkeys 
inoculated  intracerebral ly 

No  symptoms 

No  symptoms 

Mycoplasma  testing  (Done  at 
USAMRIID) 


Negative 


Negative 


1 


Table  7.  Responses  of  Monkeys  Inoculated  Intracerebral ly  with  0.2  ml  of 
the  WEEB628Final  Clarified  Vaccine  Virus 


Day  tested  Monkey  No  1 

Temp.  V Ab 


Monkey  No  2 Monkey  No  3 

Temp  V Ab  Temp  V Ab 


Monkey  No  4 
Temp  V Ab' 


0 

103.4 

- 

- 

102.6 

- 

- 

103.2 

- 

- 

103.4 

- 

- 

1 

102.2 

- 

- 

102.4 

- 

- 

103.5 

- 

- 

- 

- 

2 

102.0 

- 

- 

102.2 

- 

- 

104.2 

13 

- 

104.4 

10 

- 

3 

102.8 

_ 

- 

102.4 

_ 

104.6 

104.8 

2 

_ 

4 

102.6 

- 

+ 

102.0 

- 

+ 

103.0 

- 

+ 

104.4 

- 

+ 

5 

104.2 

- 

+ 

102.8 

- 

+ 

102.8 

- 

++ 

106.5 

- 

+ 

6 

105.2 

++ 

102.4 

++ 

104.6 

++ 

105.2 

++ 

7 

104.2 

- 

++ 

102.4 

- 

++ 

103.6 

- 

++ 

103.2 

- 

++ 

8 

103.6 

nt 

nt 

102.6 

nt 

nt 

103.4 

nt 

nt 

103.6 

nt 

nt 

9 

103.4 

nt 

nt 

102.6 

nt 

nt 

103.4 

nt 

nt 

103.2 

nt 

nt 

10 

103.6 

nt 

nt 

102.4 

nt 

nt 

103.6 

nt 

nt 

103.8 

nt 

nt 

14 

103.2 

- 

++ 

102.4 

- 

103.4 

- 

++ 

103.4 

- 

++ 

Monkeys  inoculated  intracerebral ly  with  0.2  ml  of  undiluted  Final  Vaccine  Virus 
on  day  0.  Venus  blood  specimens  were  collected  prior  to  inoculation, for  7 
days  after  inoculation  and  at  2 weeks  after  inoculation. 

V=  viremia,  - = negative,  numbers  are  PFU  obtained  in  0.1  ml  of  serum. 

Ab  = antibody,  - = negative,  + = at  least  505^  reduction  in  PFUs  of  the 
WEE  628  strain;  ++  = greater  than  90%  reduction 
nt  = no  test 


Table  8.  Neurovirulence  Studies  in  Rhesus  Monkeys  Inoculated  Intracerebral ly,  Intraspinally, 

and  Intramuscularly  with  the  Final  Clarified  Vaccine  Preparations  of  WEE  Cl-15  Virus. 
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Weights  (Kg)  Viral  Neutralization 
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Table  9.  Safety  Testing  of  the  WEE,  Cl -15  Undiluted  Final  Unclarified 
Vaccine  in  Animals. 


Species 

No. 

Inoculum 
Dose  (ml ) Route 

Cl inical 

Disease 

Protection  Results 

(ic  challenge  with  WEE  Flem) 

15-20  g 

Weanling  Mice 

24 

0.03 

ml 

ic 

None 

Protected  against  300- 

0.5 

ml 

ip 

30,000  WMLDgQ  ♦ 

350  g 

0.1 

ml 

ic 

Guinea  pigs 

20 

0.5 

ml 

ip 

None 

Protected  against 

100,000  WMLDgQ  ♦♦ 

55-65  g 

0.1 

ml 

ic 

12  developed 

Hamsters 

20 

0.5 

ml 

ip 

paralysis  and  died 

Not  done 

♦Eight  mice  challenged  with  300  WMicLDsg  8 mice  with  3,000  WMicLD5Q  and 
8 with  30,000 WMicLDso-  All  mice  challenged  28  days  after  inoculation  with 
the  Final  Unclarified  Vaccine. 

♦♦Nine  guinea  pigs  were  challenged  by  ic  inoculation  of  100,000 WMicLDso  of 
WEE  virus  Fleming  21  days  after  inoculation  with  the  Final  Unclarified  Vaccine. 
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Table  10. 


Hamsters  (50-65  g)  Inoculated  witn  0.1  ml  Intracerebral ly  and  0.5 
ml  Intraperitoneally  with  the  Indicated  WEE  Virus. 


Inoculum Number  of  Hamsters 

ca.  10®  PFU/ml  of 

Final  Unclarified  20 

Vaccine. 


ca.  10®  PFU/ml  of 
Final  Unclarified 
Vaccine  mixed  with  10 

equal  parts  of  WEE 
Fleming  antisera 

ca.  10^  PFU/ml  of 
Master  Seed  Virus 

ca.  10*-^  PFU/ml 

of  Final  Unclarified  g 

Vaccine  Hamster  1 ° 

Passage 


Results 


One  died  on  the  6th,  8th, 

& 9th  day  post-inoculation. 


No  clinical  infection 


No  clinical  infection 


5 died  between  7th  and  13th 
day  post- inoculation. 
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No  evidence  of  growth  after  eight  weeks  of  incubation. 


Table  12.  Safety  testing  of  WEE,  Cl -15  Final  Unclarified  Vaccine  in  Cell  Cultures  Systems. 


Table  13.  Serum  Neutralization  Breakthrough  Test  with  the  WEE, 

Cl-15  Final  Unclarified  Vaccine 


Viral 

Dilutions 


Number  of  Plaques  Observed 
Control  Serum 


NIH-Mouse  Hyperimmune 
ascitic  fluid 


large 

small 

large 

small 

3 

NT 

6* 

10* 

4 

NT 

0 

12 

5 

TNTC 

0 

2 

6 

13 

23 

NT 

7 

1 

4 

NT 

8 

0 

1 

NT 

*Virus  from  plaques  harvested  from  both  large  and  small  types 
were  identified  as  WEE  virus  by  subsequent  neutralization.  One 
large  plaque  type  (subsequently  labeled  Pl-148)  and  one  small  plaque 
type  (subsequently  labeled  Pl-149)  were  isolated  from  this  plate. 

NT=not  tested;  TNTC  = too  numerous  to  count. 
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Table  14.  Comparison  of  Plaque  Sizes  in  CECC  Inoculated  with  WEE, 

Cl-15  Final  Vaccine,  WEE  Cl-15  Master  Seed,  and  the  Original 
WEE B528  Virus. 


Inoculum 
(Number  of  PFU) 


Plaque  Sizes  (MM)  at  48  - 72  hours 
Final  Unclarified  Vaccine  Master  Seed 


Original 


0 - 

10 

0.75  - 1.0 

2 - 3 

2 - 3 

10  - 

100 

0.75  - 1.0 

2 - 3 

2 - 3 

100  - 

1000 

0.75  - 1.0 
and  2-3 

Confluent 

Confluent 

Table  15 


Effect  of  Temperature  on  Plaque  Production,  Using  the 
Fifth  Passage  of  Pl-148  and  PI -149  (at  48  hours) 


Virus 


Temperature  and  Plaque  Size 


40  C 35  C 30  C 


• 

> 1 mm 

< 1 mm 

> 1 mm  < 1 mm 

> 1 mm  < 1 mm 

Pl-148 

(large) 

0 

0 

8 X 10®  0 

9 X 10®  0 

Pl-149 

(small) 

0 

0 

2 X 10®  4 X 10® 

1.6  X 10^  4 X 10^ 
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TABLE  16  Virulence  of  Pl-148  and  Pl-149  in  Animals 


Table  17.  Plaque  Purification  of  EEE  Virus  in  Chicken  Embryo  Cell  Culture  Systems 


♦♦Dilution  from  which  plaques  were  selected. 
28/41  » counts  on  two  different  bottles 


Table  18.  Effect  of  NTG  on  the  Arth  167-SPM  Strain 


Time  in  Minutes 


0 
5 

10 
15 
30 
60 

Experiment  number  2 

NTG  powder  was  added  directly  to 

the  virus  solution  to  give  a final  . 0 

concentration  of  200  yg/ml 

5 

10 

15 

30 

60 


Experiment  number  1 
NTG  was  solubilized  in  buffered 
saline  and  the  NTG  solution  was 
added  to  the  virus  to  give  a 
final  concentration  of  200  ug/ml 


of  EEE  Virus 


Virus  Titers 

4.7  X 10^ 

1.5  X 10® 
1.4  X 10^ 

2.8  X 10® 

7.3  X 10^ 

4.8  X 10® 

3.6  X 10^ 

1.4  X 10^ 

1.5  X 10® 
5.0  X 10® 

6.5  X 10® 

1.5  X 10® 
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Table  19.  Animal  Virulence  and  Cell  Culture  Titer  of  EEE  BeAn  221  virus. 
(Sm5CEPP4CECC4) 


Inocul urn 

Host  Titer 

Route  Dose 


Mice  (2-4  day) 

intracerebral 

serial  dilution 

10^*®  LDgQ/ml 

Mice  (2-4  day) 

intraperitoneal 

serial  dilution 

107-3  LDso/ml 

Mice  (15-20  g) 

intracerebral 

serial  dilution 

106.5  LDso/ml 

Mice  (15-20  g) 

intraperitoneal 

serial  dilution 

lO^-O  LDgo/ml 

Hamsters  (90-110  g) 

intraperitoneal 

106.0  Mouse  LD50 

20/20* 

Guinea  pigs 
(290-310  g) 

intraperitoneal 

106.0  Mouse  LD50 

0/8 

Chicken  embryo 
cell  culture 

— 

serial  dilution 

1 X lO^'O  PFU/ml 

* Number  dead/number  inoculated 


! 


Table  20.  Treatment  of  BeAn  221  Virus  with  Nitrosoguanidine  (NTG) 


Treatment** 

Plaques*** 

Titer 

PI aques 

10-3 

O 

1 

PFU/ml 

(at  72  h) 

Untreated  Control 

TNTC 

TNTC*  9,  10,  10 

9.5  X 10® 

2-3  mn 

Treated  in  vitro 
with  100  ug  NTG 
for  1 h 

TNTC* 

12,12,  10  1,  0,  3 

3.2  X 10® 

2-3  urn 

Treated  in  vivo 
with  100  ug  NTG 
for  1 h 

TNTC 

22,  20,  29* 

2.5  X 10® 

2-3  mm 

* Plaques  harvested  and  retitered  in  CECC  agar  overlay  systems  and  also  i 

retreated  with  NTG  and  retitered.  No  significant  characteristic  change 
in  plaque  morphology  or  temperature  sensitivity  seen. 

**  In  vitro  treatment:  Undiluted  stock  virus  was  treated  with  NTG  for  one 
hour  at  room  temperature.  The  virus  is  then  serially  diluted  and  titered. 

In  vivo  treatment:  Monolayers  were  inoculated  with  undiluted  virus  stock. 

To^ur  hours  later,  the  maintenance  medium  was  removed  and  replaced  with 
maintenance  medium  containing  100  ug  of  NTG,  then  cells  were  reincubated 
at  35  C.  After  one  hour,  the  drug  was  removed,  the  cells  were  washed  and 
reincubated  with  fresh  maintenance  medium  for  20  hours.  After  reincu- 
bation, the  infected  fluid  was  titered  in  CECC  agar  overlay  systems  at 
30,  35,  and  40  C. 


***  Triplicate  tests  run. 
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APPENDIX 
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Viral  and  Riekattalai  Raaaarah  Paeambar  9»  1963 


Dr.  A.  W.  Mayar 


Dr.  H.  R.  Cm 


CoallrBiatloa  ad  Iha  atlaaaalla*  al  tha 
atrala  VTSK  cloaa  1S(  raeaivad  fram 
Dr.  HaraidN.  Johaaaa 


Thla  atrala*  jML<L>^jlJ>wVyyft-tta_>aa  caitaga 

aoatartal*  raeaivad  eaa  agf  paaaaga  la  ^la  lab.  A batch  oi  aoad 
vlras  waa  praparad  far  fartbar  atadiaa  aad  for  tha  praparatioa  of 
oxjMfiniaatal  vacclaa  ra^iaaatad  by  Dr.  Karald  N.  Jahaaca. 

EaparlBttaatal  Vacclaa  Prayaratiaa  • Ualag  aaad  viraa  praparad  la 
Uda  lab.  two  batahaa  ^ aa^rinnaatal  vacclaa  wara  prodacad  la 
7*day  agga  laocalatad  via  tha  ydk  aac  with  0. 2 ml  iaoeatam)  aach 
ambryo  racalvod  about  10^  MJLDjq  (aatlmatad  by  1.  C.  titratloa  la 
l-2*day  aackllim  mica).  Approximately  14  haara  after  iaocalatloa* 
the  ambryaa  atartad  to  die  aad  by  the  4tth  poat»lnocalaHoa  boar. 

S0%  wore  dead*  at  which  time  tha  Uvo  aad  dead  ambryaa  wara 
harvoetad  aad  made  Into  a 10%  aaapaaalaa.  Haada  wara  diacardad. 

Tha  material  waa  eaatrlfogad  far  25  miaataa  at  1. 500  RPM}  the 
d^araataat  bocama  tha  flaal  axparlmaatal  vacclaa.  Bactariolaglcal 
atarlUty  waa  taatad  la  thioglycotlata  medium.  Tha  material  waa 
daaiceatad  after  balag  dlapoaaad  lata  20.  0 ml  ampoulaa  la  amouata 
of  5. 0 ml  aacb«  Baetarlologlcal  atarlllty  waa  agala  taatad.  Fraah 
aad  daaiceatad  matarlala  wara  titrated  la  auckilag  aad  yeaag  adult 
mica  laaaulatad  iatracarabrally.  The  draah  material  ahawad  a tltar 
af  10^  par  0.02  ml  aad  tha  daaiceatad*  5. 2 X to’  MLD50/0. 02  ml. 

Tha  yanag  adult  mica  taaculatad  Iatracarabrally  with  freak  or 
daaiceatad  malarial  ahawad  aa  cUaUal  algaa  duriag  21-day 
ahaarvatiaa  period  aad  Aay  wara  raaiataat  to  aahaa^aaat  latraearabral 
luaculatiaa  with  a virulaat  atrala  of  WUB.  (Table  4) 


Siaca 
Dr.  J 


tha  erltarlaa  af  attaaaatiaa  af  tha  WKS-claaa  15  daacrlbad  by 
^ahaaaa  waa  baaed  aa  the  Uaa  of  pathagaaiclty  far  yauag  adult 
loaaulatad  Iatracarabrally.  It  waa  daeidad  la  iavaaUgata  ttm 
iar  cd  IhU  atrala  la  ether  labaratary  auimale  kaawa  to  be 
tfllMe  la  tha  WEB  viraa. 
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APPENDIX  1 
A 

Dr,  A.  W,  >yloyar  - 2 - December  9»  1963 


R«»ult»  of  Monkey  Inoculittion  » Four  Rh«sus  monkoys  of  about  4 to  5 
pounds  woro  inoculmtod  intraTorobrally;  sach  animal  raceived  0.  50  ml 
of  10%  chick  embryo  suspension  containing  2.  0 X 10^  MUJgQ  (suckling 
mouse  I.  C,  doses).  The  animals  were  bled  before  inoculation^  daily 
for  5 consecutive  days  after  inoculatioa,  and  at  the  end  of  the  1 month 
observation  period.  All  the  animals  had  viramla  on  the  1st  and  2nd 
days  poat*inoculation;  only  2 had  viremia  on  the  3rd  day  and  no  virxis 
was  recovered  on  the  4th  and  5th  days.  The  titer  of  the  viremia  was 
never  higher  than  10^  MJuDjq/O.  02  ml.  None  of  the  monkeys  showed 
clinical  signs  during  the  one*month  observation  period  (Table  1).  Two 
of  the  animals  were  sacrificed  for  histopathoiogical  examination  of  the 
central  nervous  system  by  Dr.  £.  Jungherr  who  stated:  "On  the  whole, 
the  lesions  were  mild  but  definitely  encephalic  in  character,  as 
indicated  by  increased  intensity  in  the  hemisphere  contralateral  to  the 
inoculation."  Neutralisation  tests  performed  on.the  pre  and  post- 
inoculation blood  sera  showed  that  all  the  animals  developed  antibodies. 

The  post  sera  neutralised  10^  MUD^q  of  homologous  virus.  The  two 
remaining  monkeys  were  challenged  Intracerebrally  3 months  later 
with  a virulent  strain  of  WEE  obtained  from  the  Biological  Production 
Section.  The  results  of  the  challenge  inoculation  are  summarised  in 
Table  2.  The  two  monkeys  previously  inoculated  with  the  attenuated 
strain  WEE-clone  15  showed  a ^finite  immunity;  they  had  no  viremia 
and  developed  no  clinical  signs  during  the  one-month  observation  period, 
^•reas  the  2 normal  control  monkeys  developed  encephalitic  symptoms, 
showing  paralysis,  and  became  prostrate  5-6  days  after  inoculation. 

They  were  sacrificed  for  pathological  studies.  These  results  are  not 
yet  available. 

Results  of  Intracerebral  Inoculation  of  Guinea  Pigs  - Six  500  gm, 
guinea  pigs  were  injected  intracerebrally;  each  animal  received  O.dC  ml 
of  10%  chick  embryo  suspension  containing  10^  (suckling  mouse 

1.  C.  doses).  The  animads  were  bled  dally  from  the  1st  to  the  4th  day 
after  inoculation  and  the  sera  titrated  by  Intracerebral  Inoculation  of 
suckling  mice  (Table  3).  All  the  animals  had  circulating  virus  on  the 
first  and  second  days}  on  the  3rd  day.  2 out  of  4 (2  died  of  traumatism 
of  heart  punctures)  showed  traces  of  virus.  No  viremia  was  demonstrated 
on  the  4th  post*laoculation  day.  None  of  the  animals  which  survived  the 
traumatism  of  the  dally  bleeding  demonstrated  clinical  signs  during  the 
one»month  observation  period. 

P>t»pcy  Test  - In  Table  4 are  summarised  the  results  of  the  potency  tests 
performed  with  the  attenaated  strain  WSE-clone  15  in  mice  and  guinea  pigs. 
All  the  animals  prevloasly  inoculated  with  live  attenuated  virus  resisted 
the  intracerebral  challenge  inoculation.  In  the  group  of  animals  which 
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w«r«  Injected  with  ieacClTatod  rlrvn  {Thm  10%  chick  embryo  motorial 
was  trsalsd  with  sthylsaa  oodds  at  tbs  rats  ol  1. 0 ml  psr  sack  100.  0 ml 
chick  smbryo  suspsnslea),  ths  mlcs  shswsd  only  a partial  rsslstaacs, 
but  ths  goinsa  pigs  wsrs  fully  protsetsd. 

Stability  of  Attsnuatlon  of  WEE-Cloos  15  Strain  > This  strain  did  not 
regain  ^rulsncs  for  young  aduk  mlcs  injsctstl  intracsrsbrally  after 
being  cultivated  serially  in  eggs  for  8 passages  and  in  chick  embryo 
tissue  culture  for  20  passages  (Tables  5 and  6). 

I 

Circulating  virus  recovered  from  Rhesus  monkeys  and  guinea  pigs 
after  intracerebral  inoculation  with  WEE»clone  IS  was  not  pathogenic  for 
young  adul.  mice  inoculated  intracsrsbrally. 

Comments  * On  the  basis  of  the  results  reported  above,  the  WEE>cione  *5 
strain  appears  to  be  quite  attenuated  with  loss  of  pathogenicity  for  young 
adult  mice,  guinea  pigs  and  Rhesus  monkeys  inoculated  intracerebrall  y 
with  10^  MUDgQ  or  mors  virus  (suckling  mouse  I.  C.  doses).  When  the 
behavior  of  WEE*clone  IS  in  ths  Rhesus  monkey  and  whits  mouse  is 
compared  with  that  observed  in  the  17D  attenuated  strain  of  yellow  fever 
virus,  the  WEE^clone  IS  appears  to  be  milder.  None  of  the  monkeys 
inoculated  with  WE£«cloae  15  showed  clinical  signs  whereas  up  to  33% 
of  monkeys  inoculated  intracerebrally  with  17D  might  develop  encephalitis 
manifested  by  paralysis  and  other  clinical  signs,  sometimes  producing 
death.  Yellow  fever  strain  17D  is  virulent  for  adult  mice  inoculated 
intracerebrally  with  small  doses  (less  than  5 MXJDjq)  whereas  young  adult 
mice  do  not  show  symptoms  when  inoculated  intracerebrally  with  more 
than  106  MLiDgQ  (suckling  mouse  IC  doses)  of  W££-clone  15. 

The  WEE-clone  15  has  retained  its  antigenicity  as  demonstrated  by  the 
immunity  induced  in  monkeys,  udiite  mice  and  guinea  pigs  after  those 
animals  have  been  exposed  to  this  strain  (Tables  2 and  4). 

I concur  with  Dr.  Harald  N.  Johnson  in  recomroending  that  the  behavior 
of  a live  virus  vaccine  prepared  from  this  strain  be  Investigated  in  horses; 
if  successful  results  are  obtained,  it  would  be  desirable  to  try  the  WEE« 
clone  15  in  human  beings. 

/ 

>/7  , ^ 
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TABI^  1 

Results  of  latracerobral  Inoculation  of  Rhosua  liionkoTS  with  Attoauatod 
WEE  Strain  2628-TC.  00218  Clona  15  CETC-l  JLad.  CE-2(8103B*9)  - 

Each  ax^lxtal  recoivod  C.  50  ml  of  10%  chick  embryo  euapenelon 

( 2 X 10^  MLDjo  ) 


MJLtDjQa  Circulating  Vlrua 


Animal 

No. 

_l^ 

(Days  ai'ter 

Inoculation) 

-i 

J- 

Symptoms  and  fate  of  the  animals 
during  a oae-month  observation  period 

N-540 

10^*5 

lO^.  0 

0 

0 

0 

Remained  normal  through  the 
observation  period  Sacrificed  for 
pathological  studies 

N-541 

102.0 

10^-0 

<io'*o 

0 

0 

(1 

N>542 

10^*3 

<10^*  0 

+ 

0 

0 

Remained  normal  through  observation 
period  • Challenged  later  I.  C.  with 
virulent  WEE  strain  (see  Table  2) 

N-543 

102.  0 

loUO 

0 

0 

0 

M 

bTltratlon  performed  la  euckliag  mice  Inoculated  Intracerebrally*  MLD3Q/O.  02  ml, 
i One  mouse  died  out  of  6 Inoculated  with  undiluted  serum. 


A 
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TABXJB  2 


iU»uiU  eC  lxuir«c«M)Hral  CtalUag*  InaciiUrtwi  •!  Mo«k*]ra  fN-542  «n4 
N-543  TAbU  1)  with  WES  VirvUal  Strida  2 M«ntbA  After  RACAlvlAg 
lAtr AcArobrAl  InocmUtioA  of  WZJC  AttAauAted  SteAlA  2d22>TC*  00218 
Cloam  15  CETC-l-I^d.  C£-2  (8103B-9) 

laocoluBo:  EAch  AniniAl  rccAiv^d  0.  50  ml  of  4%  chick 
•mbryo  •uapcnalon  > 10”  MLJDgQ* 


Monkey 

No. 

N-542 


N-543 

N-559 

(control) 


N-560 

(control) 


MLDgo*  ClrculAtlng  Virue 
(Day*  After  Inoculation) 


10 


4.0 


0 


0 

lol.O 


0 

0 


10 


3.0 


10 


1.5 


Symptoms  and  fate  of  the  animals 
during  a one»roonth  observation  period 

No  clinical  signs  during  the 
observation  period 


4th  day  after  inoculation:  tremor* 
complete  paralysis  of  right  arm  and 
partial  paralysis  of  right  leg  - Next 
day:  prostrate.  Sacrificed*  brain 
and  cord  removed  for  histopathological 
examination. 

4th  day  after  inoculation:  tremor*  right 
leg  weak.  5th  day:  paralysis  of  right 
leg  sutd  arm*  partial  paralysis  of  left 
leg.  Next  day:  prostrate.  Sacrificed, 
brain  and  cord  removed  for  histo* 
pathological  examination. 


* Suckling  mouse  intracerebral  titration. 
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TABU  S 


lUsttlt*  of  latrocorokvol  laocwUtlM  of  OcUboo  Pigo  witk  Attoauotod 
WEE  StroU  2(2S-TC.  002U  Ctooo  15  CETC-1  Lod.  CE-2  (810)B-9) 

£«ch  onltnol  r«colvo4  0,  Z5  ml.  of  10%  chick  embryo 
•ueponsloB  ( 10^  klLJ>5Q) 


M1JL>5qO  Circuloting  Virue 


Animal 

No. 

(Days  after  Inoculation) 

2 3 

Symptoms  and  fate  of  the  anlmaie 
during  one*moath  obsenratioii  peridd 

G.  P.  #l 

lo^-o 

10^*0 

.io'*° 

0 

No  clinical  signs  during  the 
observation  period 

G.  P.  #2 

10^*5 

loUO 

0 

It 

O.  P.  13 

10^-5 

D** 

Died  from  traumatism  of  heart 
puncture 

G.  P.  #4 

1 

10^*5 

10^*5 

0 

0 

No  symptoms  during  the  observation 
period 

G.P.  #5 

10*** 

10^*5 

0 

0 

II 

G.P.  #6 

I0l*5 

102.5 

D 

Died  from  traumatism  of  heart 
puncture 

o Titrailoo  performed  in  ettckliag  mice  inoculoted  latracerebrolly,  MLD^q/  0. 02  ml. 
OO  D > Found  dead. 


Potency  Toote  of  WES  Attenantod  Strnin  2628«TC*00218*Clooo  IS  C£TC*l*Lod*  ••CE*2 
in  yndtm  Mica  and  Goiaoa  Pig*  Using  Live  or  Inactivated  Vims. 


A 
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TABUe  5 


APPENDIX  1 


Stability  of  tho  Attonuatad  WEE  Strain  aftar  Sarial  Pas8a.ges  In  tha 
Chick  Embryo*  Estimatad  by  tha  Lack  of  Vlrulatica  for  Yovtng  Adult 
Whita  Mouaa  Inoculatad  latracarebrally 

Inoculuznt  10%  chick  embryo  aoapanaioa*  conaldarad 
aa  undilutad  matarial 


Chick  £mbryo»5th  Paaaaga  Chick  £mbryo>7th  Paaaaga  Chick  Embryo  • 


Vlrua 

Dilutiona 

Infant 
mice  L C. 

Young  Adult 
mice  I.  C. 

Infant 
mica  I.  C. 

Young  Adult 
mice  1.  C* 

8th  Paaaaga 

Infant  Young  Adult 

mice  I*C. 

mica  X*  C. 

lo-o 

ND 

0/6* 

ND 

0/6 

ND 

0/6 

10-' 

ND 

0/6 

ND 

0/6 

ND 

0/6 

1 

O 

ND 

0/6 

ND 

0/6 

ND 

0/6 

o 

1 

ND 

0/6 

7/7 

0/6 

7/7 

0/6 

mjL 

10  ^ 

7/7 

ND 

7/7 

ND 

7/7 

0/6 

O 

1 

7/7 

ND 

0/7 

ND 

7/7 

ND 

10“  6 

7/7 

ND 

0/7 

ND 

7/7 

ND 

O 

1 

0/7 

ND 

0/7 

ND 

7/7 

ND 

ND  • not  dona 
b mortality  ratio 
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TAB^  6 


Stability  of  tho  Attonuakod  W£S  St;rain  aitor  Sorial  PMaagaa  in  Chick 
Embryo  Tiaauo  Cuituro  (CETC)*  oatimatod  by  tha  lack  of  ViruUnce 
for  Young  Adult  Whit#  Mouaa  Inocnlatod  Intracerabrally. 


CETC  - 5th  Paaaago  CETC»15th  Paaaago  CETC  - 20th  Paaaago 

Virua  Infant  Young  adult  Infant  Young  adult  Infant  Yoting  adult 

Dilutions  mice  1»C.  mica  1»C»  mica  I»C.  mica  I.  C.  mica  LC»  mica  1«C» 


o 

1 

o 

ND 

0/6* 

ND 

0/6 

ND 

0/6 

10-' 

ND 

0/6 

ND 

0/6 

ND 

0/6 

i 

10-^ 

7/7 

0/6 

7/7 

0/6 

7/7 

0/6 

{ 

10"^ 

7/7 

0/6 

7/7 

ND 

7/7 

0/6 

10-^ 

7/7 

ND 

7/7 

ND 

0/7 

0/6 

i 

lo'^ 

3/7 

ND 

0/7 

ND 

0/7 

ND 

1 

3 

.o-‘ 

0/7 

ND 

0/7 

ND 

0/7 

ND 

1 

i 

1 

1 

ND  > not  dona 
* mortality  ratio 


APPENDIX  2 


Virus  Research  • August  1,  1967 


Or.  H.  R.  Cox 
Western  EE  Vaccine 


The  following  is  a summary  of  our  production  of  bulk  WEE 
vaccine: 

Seed:  A vial  of  the  chick  embryo  vaccine  {from  the  batch  pre- 
pared by  Dr.  M.  Roca-Garcia  and  subsequently  sent  to  Dr.  H. 

N.  Johnson)  was  used  to  initiate  our  first  chick  embryo  (CE) 
tissue  culture  passage  (LTC-1).  The  4S-hour  harvest  of  this 
passage  which  represented  lactal  maintenance  medium  plus  2% 
Eastman  gelatin  #1099  was  combined  with  an  equal  volume  of 
normal  horse  serum  and  dried  down  to  serve  as  stable  seed. 

Its  titer  post-drying  was  5.7  TCID^q/O.Z  ml. 

Bulk  Vaccine  Production:  RiE-free  chick  embryo  monolayers, 

24  to  48  hours  old.  in  Blake  bottles  were  seeded.  Seventy-five 
ml  of  the  growth  medium  were  removed  and  1 ml  of  a 10 ^ dilution 
of  seed  virus  was  added  to  ihe  remaining  25  ml  of  growth  medium.. 
Virus  was  allowed  to  adsorb  for  I hour  at  room  temperature  (FT). 
The  supernatant  medium  was  then  removed  and  the  monolayer 
was  washed  3 times  with  50  ml  volumes  of  PBS.  Each  Blake  bottle 
then  received  100  ml  of  Eagle's  maintenance  medium  containing 
Z%  human  serum  albumin.  The  calculated  residual  amount  of 
normal  horse  serum  from  the  growth  medium  was  0. 004  ppm. 
Cultures  were  incubated  at  34^C  for  24  to  36  hours,  and  then  har- 
vested. Fifteen  Blake  bottles  were  pooled  and  samples  removed 
for  testing.  In  each  of  the  3 lots  thus  prepared  an  uninoculated 
control  bottle  was  similarly  harvested  for  RIF  testing.  Each  of  the 
3 lots  after  removal  of  samphs,  represented  approximately  1400  ml. 
The  titers  of  the  3 harvest  pools  were  8.2.  8. 5 and  9.2  TCIOgQ/ml. 
At  no  point  in  the  production  process  was  penicillin  used. 


I 

I 

i 


J 

i 
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Dr.  H.  Cox  2 August  7,  1967 


Following  the  satlsiactory  completion  of  sterility,  safety  and 
RIP  tests  on  each  of  the  3 harvests , the  frozen  fluids  were  thawed, 
pooled  in  a common  container  and  then  filtered  through  an  8 micron 
Millipore  Alter  to  remove  intact  cells.  Samples  were  set  aside 
for  the  testing  department.  The  fluids  were  filled  in  5.  5 ml 
amounts  and  lyophllized  in  #1  glass  vials. 

All  routine  tests  for  sterility,  the  presence  of  RIF  and  intact  cells 
were  satisfactory.  No  intracerebral  or  other  safety  tests  in 
m tkeys  were  done  on  this  product.  The  contents  of  the  final 
container  were  tested  for  identity  and  sterility  and  found  to  be 
satisfactory. 

A portion  of  one  harvest  pool  was  pig-dried  and  tested  for  stability. 
The  results  (reported  in  the  September  1966  Monthly  Summary) 
ma  y be  summarized  as  follows; 

Titer  immediately  post  drying  was  8. 4/ml;  this  represented  a loss 
of  one  log  of  virus  in  drying. 


Weeks  Stored 

Boom  Temp. 

37®C 

4^0 

1 

7.0* 

6.4 

— 

2 

7.2 

5.7 

4 

7.2 

5.0 

7.7 

* All  titers  are  expressed  as  TCIO^Q  'ml. 

Samples  for  stability  tests  of  the  completed  batch  were  held  at 
room  temperature  and  at  37<*C  for  I,  2.  3,  4,  6 and  8 weeks. 
These  have  not  yet  been  titrated  ow-.ng  to  the  strike  and  the  absence 
of  chick  embryo  tissue  culture  tubes. 
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MA  Log 
Number 

MVS-2593 


MICROBIOLOGICAL  ASSOCIATES 

Division  of  DYNASCIENCES  Corporation 
4733  Bethesda  Avenue  / Bethesda,  Maryland  20014  / (301}  654-3400 

DIAGNOSTIC  SERVICES  TEST  REPORT 

Ref:  Our  Code  #MVS  2593 

TO:  Dr.  Philip  Coleman 

Virginia  Commonwealth  University 
Medical  College  of  Virginia 
Microbiology  Department 
MCV  Station 

Richmond,  Virginia  23298 
FROM:  Dr.  Michael  Collins 
DATE:  December  13,  1974 

TEST:  Mouse  antibody  production  (MAP)  test 

SPECIMEN:  WEE  vaccine,  strain  B628,  Cl-15,  HK4CEC31CE2CEC4 

RECEIVED:  October  31,  1974 

RESULTS: 


Inoculum  Viruses  found  as  contaminants  by  the  MAP  test 

(dilution)  PVM  Reo3  Sendai  GDVII  K Polyoma  MVM  M.Ad.  MHV  LCM  Ectromelia  LDH 

undiluted  - - - ___  ____  _ 

1:10  - - - ___  ____ 


BRANCH  OFFICE 


/sSSOCentInelaAve.,  Los  Angeles,  California  90064(213}  620-5250 


APPENDIX  4' 

^ iVlicrobioSogical  Associates 

4733  BETHESDA  AVENUE  • BETHESDA.  MARYLAND  20014 
TELEPHONE:  (301)  654-3400  Toll  Free  (800)  638-0998 

11841  MISSISSIPPI  AVENUE  • LOS  ANCafS,  CALIFORNIA  90025 

TELEPHONE:  (213)  820-6290 


DATE:  April  12,  1976 

REPORT  TO:  ^ Dr.  Philip  H.  Coleman,  D.V.M.,  Ph.D. 

• Medical  College'  of  Virginia 

• Department  of  Microbiology  • 

Richmond,  Va.  23298 

TEST:  COPAL  (Avian  Leucosis) 

DATE  RECEIVED:  ' January  27,  1976 

MBA  LOG  if  SPECIMEN  COPAL  ON  COPAL  ON 

QUAIL  CELLS*  CHICK  EMBRYO  CELLS* 


D-7359 

Group 

0**  Pinal  Wee  vaccine 

<1:2 

D-7360 

Group 

I media 

<1:2 

D-7361 

Group  II**  WEE  unclarified 
vaccine  - passed  one  time  in 
Chick  embryo  cells 

<1:2 

<1:2 

<1:2 

<1:2 


D-7362 


D-7363 

D-7364 


Group  III  WEE  unclarlfied  <1:2 
vaccine  - reacted  with  anti  WEE 
and  than  anti-antiserum 
centrifuged  and  grown  in 
Chick  embryo  cells  with  2/6 
anti  lifEE  serum 

Group  IV  Chick  embryo  cell  - <1:2 
control  with  anti-WEE  serum, 
no  virus 

•Group  V**  WEE  unclarified  vaccine 
grown  in  Chick  embryo  cells  <i:2 
in  prese'nce  5f  2%  anti-WEE 
serum 


<1:2 


<1:2 


<1:2 


*Specimens  grown  in  quail  and  chick  embryo  cell  cultures  for  3 weeks 
( 3 passages.) 

**Rabblt  anti-WEE  serum  in  media. 


REPORT  PROM: 


n C.  Parker,  Ph.D. 


Job 

Director,  Dlganostic  Laboratory 
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